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PREFACE TO THE ENGLISH EDITION. 


This book was written by Prof. Prantl to meet a growing 
demand for a work on Botany, which, while less voluminous 
than the well-known “Lehrbuch” of Professor Sachs, should 
resemble it in its mode of treatment of the subject, and should 
serve as an introduction to it. That it has not failed in this 
object is shown by the fact of its having already reached a third 
edition. It is hoped that this English Edition will as adequately 
supply the want of a work of this kind which has long been felt 
in this country. 

In preparing this edition for publication, I have felt that the 
main object was the production of an accurate and intelligible 
translation, and I have therefore made but few alterations in 
the Author's text. I have ventured, however, to introduce 
the. General Classification of Thallophytes (page 103) proposed 
by Prof. Sachs in the fourth edition of his “ Lehrbuch,” for I 
am of opinion that this mode of regarding the Thallophytes 
is a considerable assistance to the student. In consequence 
of this I have arranged the various families of Thallophytes in 
an order which is slightly different from that followed by Prof. 
Prantl. 

Further, I have not designated the decomposition of carbonic 
acid and water by the chlorophyll under the influence of 
light, by the term “assimilation,” as is usually done. This 
term has already a well-defined meaning in Physiology, and 
it is therefore a mistake to re-introduce it in another sense. At 
the same time I do not feel myself quite in a position to 


suggest a term to replace it. 


Vy Errata. 


Finally, I would draw the attention of the student to the 
fact that in describing branch-systems, inflorescences, &c., the 
terms “helicoid” and “ scorpioid ” are used in a manner exactly 
opposite to that in which they are usually employed in England. 
This difficulty is explained in a foot-note on page 159 of the 
English edition of Prof. Sach’s “ Lehrbuch ”. 

vp th. Ves 


CAMBRIDGE, March, 1880. 


RRA TA. 


—ttee— 


Page 7, line 3 from the bottom : for ‘‘ Hornbean ” read ‘ Hornbeam ”. 
», 19, line 4 from the top : for “‘ phyllode” read ‘ phylloclade ”. F 
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PA-RT ‘TI. 


THE MORPHOLOGY OF PLANTS. 


§ 1. The Members of the Plant. A plant consists of a 
number of parts which are distinguished as roots, stems, leaves, fruits, 
&c. These may be considered scientifically in two ways; either with 
reference to their functions in the economy of the plant, when they 
are regarded as the organs by which these are performed, and are 
the subjects of physiological study: or, their functions being disre- 
garded, their relative position, the place and mode of their origin, 
the course of their growth, and their relative size may be considered, 
that is, they may be studied from a purely morphological point of 
view, when they are regarded merely as parts of a whole and 
designated as members. From this point of view all organs may be 
included in four categories, namely, Roots, Stems (Caulomes), Leaves 
(Phyllomes), and Hairs (Trichomes). When the body of a plant 
does not present any differentiation into members, as in the case of 
the Algz and Fungi, it is termed a Thallus (Thallome). 

With the exception of the primary stem of the seedling, all mem- 
bers are developed laterally upon others, which may or may not belong 
to the same category. A root, for example, is repeatedly producing 
lateral roots which are similar to each other and to the main root from 
which they have arisen; a stem, on the other hand, produces, in 
addition to branches which are similar to itself, leaves and roots. 
Every member remains in connection by its organically lower end, its 
base, with the member from which it has been developed : the opposite 
end is the organically upper end or apex. Those members, viz., stems 
and roots, which more especially produce lateral members, continue to 
grow at their apices, and the lateral members are normally developed 
behind the apex in such a way that the youngest of them lies nearest 
to the apex. Thus, the youngest lateral root is the nearest to the apex 
of the mother-root, and it is the youngest leaf which is the nearest to 
the apex of the stem; hence in all normally developed members the 
succession in time may be inferred from the succession in space ; that 
is to say, in counting the leaves on a stem from the base upwards, the 
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cy | ‘a ‘eh, : 
e 4 y . . . 
‘order of their succession in space denotes the order of their de- 


*velopment. All Jateral members which are thus arranged are said to 
have originated in acropetal succession. When in any cross section 
of the parent member not one only, but two or more lateral members, 
occur at the same level, this mode of arrangement is termed a whorl ; 
for instance, of secondary roots round a parent root, or of leaves round 
a stem—as in Herb Paris (Paris quadrifolia). Those members which 
lie at the same level and form a whorl may be developed simultan- 
eously or one after the other; hence a whorl may be simultaneous or 
successional. In the latter case it is more difficult to distinguish the 
acropetalous succession as well of the whorls as of their individual 
members. Those members are said to be adventitious which are not 
developed at the growing point but on older parts, and which are 
therefore not arranged in acropetal succession; for instance, those 
lateral roots which are developed from older ones, and many branches 
from old stems. The formation of lateral members may either take 
place exogenously, in which case they originate from the outer layers 
of tissue of the parent-member, as leaves do from that of the stem 
(Fig. 1), or endogenously, in which case they are formed from the 
internal tissue of the parent-member, and have to penetrate its outer 
layers ; it is in this manner that roots are developed either from older 
roots (Fig. 20) or from stems, 

§ 2. Of the Leaf and Stem in general. These two ideas 
are so intimately connected that it is impossible to think of one with- 
out the other, as is evident from the following definitions : 

Every part of a plant which produces leaves at its growing end is 
called a Stem or Avis; a stem, together with the leaves it bears, is 
known as a Shcot. 

Leaves are distinguished by the following characters. 1, They 
originate always in acropetalous succession (they are therefore never 
adventitious); 2, they are always exogenous; and 3, they always 
assume a form different from that of the stem and its lateral branches 
upon which they are borne. 

The leaves are developed in very close apposition at the apex of the 
stem. The portions of the stem which lie between the individual 
leaves may either remain quite short, as in the case of the rosette of 
leaves of the Plantain, of the House-leek, of the tufted leaves of the 
Larch and in most flowers; or they may undergo a considerable 
elongation so that the leaves become widely separated ; in this case the 
elongated segments of the stem are termed internodes. The boundaries 
of the internodes, termed odes, are sometimes prominently developed, 


-have not begun to elongate, 
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more particularly when the leaves are arranged in whorls, e.g., Labiatae, 
or when they ensheath the stem. The portion of the surface of the 
stem from which the leaf arises is the insertion of the leaf, and its 
organic centre is called the 
point of insertion. After the 
fall of the leaf the surface 
where it was inserted remains 
for a long time visible as a 
scar or cicatrix. 

So long as the internodes 


and the leaves are still folded 
together so as to cover the 
apex of the stem, the grow- 
ing end of each shoot is known 
as a bud (or gemma). The 
bud which lies at the apex of 
a shoot, the lower portion of 
which has already undergone 
elongation, is a terminal bud ; 
Si Ae 90. the OT she growing apex of a tam 2, the leaves 
stages of shoots developed i, their axillary buds. 

laterally upon a growing main 

shoot, which often remain in this condition for a considerable time. 
The arrangement of the lateral buds, and consequently that of the 
branches which are developed from them, is closely related to that of 
the leaves; thus in Mosses and many Ferns they are developed 
immediately below or by the side of a leaf; in the higher plants, 
always in the axil of a leaf, that is to say, in the angle made by a 
leaf with the internode above its insertion. In the latter case 
they make their appearance at the first formation of the leaves 
(Fig. 1, kn). With few exceptions, they are developed in the axil of 
every leaf, the exceptions being the leaves that form the flower and 
those of many of the Conifers. 

§ 3. The Arrangement of the Leaves (Phyllotaxis). The 
arrangement of the leaves on the stem is most intimately connected 
with the acropetalous order of their development; and since, as has 
been already shown, the arrangement of the lateral shoots depends on 
that of the leaves, the same laws determine the arrangement of both 
these sets of members, which apply generally to all acropetally developed 
members of plants These laws are most conspicuously exhibited in 
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the arrangement of the leaves, and they will be fully discussed with 
reference to these members only. 

Leaves are developed either in whorls, that is to say, two or more 
at the same level on the stem, or singly, when their arrangement is 
said to be scattered. In consequence of shortening of the internodes, 
leaves which have been really developed singly, or their axillary buds, 
may be brought together at the same level on the stem, thus forming 
a spurious whorl, as in the case of the upper leaves of the Tiger-lily 
and the false whorls of branches in the Pines. 

The arrangement of the leaves on the surface of the stem is very 
variable ; this is particularly conspicuous in the cases where the leaves 
are arranged in whorls, for which reason these will be first discussed. 
If a whorl consists, for instance, of two leaves, it is obvious that 
they will be placed exactly opposite to each other on the surface of 
the stem, and that the distance between them, measured from the 
points of insertion, will amount to just half the circumference of the 
stem. Similarly, if the whorl consist of three leaves, the distance 
between any two adjacent leaves will be + of the circumference, and 
so forth. The lateral distance between the points of insertion of two 
adjacent leaves, measured on the circumference of the stem, is called 
their divergence, and it is expressed in 
fractions of the circumference. 

Moreover, it is a rule, though not 
without exceptions, that the successive 
whorls alternate, so that the leaves of 
any whorl lie opposite to the intervals 
between the leaves of the whorls 
above and below it. Thus the leaves 
of alternate whorls are exactly above 
each other (Fig. 2). 

This arrangement, as in fact all 
relations of position, may be very 
plainly exhibited by means of dia- 
grams (e.g., Figs. 3 and 4). Such a 
diagram consists of a ground-plan of 
the stem, regarded as being a cone, 
and looked at from above: the inser- 


Fic. 2.—Stem of Lamium with whorls : i 
of two leaves ; 1-1, 2-2, 3-3, the succes- tion of each leaf will lie upon one of 


was i a series of concentric circles, and the 


higher the insertion of the leaf upon the stem, the nearer to the centre 
will be the circle of the diagram upon which its insertion is indicated. 


“ay a a 
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It may be perceived in the diagram Fig. 3, that when the leaves 
are arranged in alternate whorls they form twice as many longitudinal 
series on the stem as there are leaves in each whorl, provided, of course, 
that the number of leaves in each whorl is 
the same. These longitudinal series, which 
are indicated in the diagram by radii, are 
called orthostichies. 

This particular arrangement of alternate 
whorls of two leaves occurs very frequently, 
and is termed decussate arrangement. The 
two leaves of each whorl are said to be 
opposite. It is comparatively rare for equal gaa acirar dstatt 
successive whorls to be superposed, that is, with alternate two-leaved whorls. 
that the leaves of each whorl should lie ex- % % % ® the four orthostichies. 

1,1, 2,2, 3,3, the successive whorls. 
actly above or below those of the others, so 
that there are only as many orthostichies as there are leaves in each whorl. 


Examples of decussate leaves: the Caryophyllacee, the Labiate, the Caprifo- 
liacewe, to which belong Syringa (Lilac), Lonicera (Honeysuckle), and Sambucus 
(Elder) ; the Maple, the Horse-chestnut, and the Ash. In Rhamnus catharticus 
the two leaves of each whorl are usually at a slightly different level. 

Alternate whorls of 3 (irrespective of flowers) occur in the common Juniper, 
in Catalpa, and occasionally in the Horse-chestnut and the Maple. 


When the leaves are arranged in a scattered manner it is easy to de- 
tect that, within a certain region of the stem, their divergence is constant, 
that is, that the distance between any leaf and its immediate prede- 
cessor and successor is a certain fraction of the circumference. In 
the simplest case, when 
the divergence is 4 
(Fig. 4 A), starting 
with any leaf 0, the 
insertion of the next 
leaf in succession on 
the stem, which may 
be numbered 1, will be 
exactly opposite to that 
of the leaf 0, and the A 


next leaf, numbered 2, Fra. 4. A.—Diagram of a stem bearing leaves with a di- 
will be opposite to ] vergence of 3. B.—A stem bearing leaves with a divergence 


and exactly above 0. 
Thus there are two orthostichies. In proceeding from leaf 0 to 
1, 2, 3, and so on, always in the same direction, the circumference of 
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the stem is traversed in a spiral which, in the course of each whole 
turn, touches the bases of two leaves and intersects the same ortho- 
stichy. This spiral will pass through the insertion of every leaf, and as 
it does so in the order of their development, it is known as the genetic 
spiral. The number of leaves which is included in one turn of the 
spiral is termed a cycle. When the divergence is 4, the leaf numbered 
3 comes exactly above leaf 0; 4 over 1, 5 over 2; and so on; and there 
are 3 orthostichous lines, the cycle being composed of three leaves. 
It might be said with equal accuracy that the divergence is 2, since 
leaf 1 is distant 3 of the circumference from leaf 0, if the spiral be 
followed in the other direction. If it be continued in this direction, 
it will pass round the stem twice in each cycle. For the sake of 
simplicity, the spiral is not traced in this longer way, but in the 
shorter way. When the numerator of the fraction of divergence is 
not 1, but some other rational number, the spiral passes round the 
stem more than once within the cycle, in fact, just as many times as 
is expressed by the numerator 
of the fraction of divergence ; 
the denominator of the frac- 
tion expresses the number of 
the orthostichies. In Figs. 
5 and 6, which represent 
a constant divergence of 
2, it is easy to see that 8 
orthostichies are present, leaf” 
9 being over 1, 10 over 2, 
and so on; also that the 
spiral returns to the same 
orthostichy after 3 turns, and 

Fic. 5.—Diagram of a stem with a constant diver- thus makes three turns round 
gence of §. I, II, III etc., the orthostichous lines the stem in one cycle. 
ea If it is required to deter- 
mine the arrangement of the leaves (phyllotaxis) on a stem, it is 
necessary to find the leaf which is exactly above the one, numbered 0, 
selected as a starting-point, and then to count the number of leaves 
which are met with in following the shorter spiral round the stem 
between these two leaves. The number of the leaf which lies in the 
same orthostichy is the denominator of the fraction of divergence, and 
the numerator is the number of turns made by the spiral between the 
two leaves. 

When the number of orthostichies is greater than 8, it becomes 
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very difficult to detect them, particularly when the leaves are closely 
arranged, as in the rosette of the House-leek, the capitulum of the 
Sunflower, the scales of a Fir cone. Another 
set of lines lying obliquely then strike the eye, 
ealled parastichies, which also run round the 
stem in a spiral, but touch only some of the 
leaves ; for instance, in Fig. 6, the line which 
connects the leaves 3, 6, 9, and 12. It is 
evident that the number of parallel para- 
stichies must be as great as the difference 
between the numbers of the leaves in any 
one such line. Thus in Fig. 6 one parastichy 
connects the leaves 2, 5, 8, 11, and so on; 
and another, the leaves 1, 4, 7, 10, &e. 
From this it is possible to deduce a simple 
method for ascertaining the phyllotaxis in 
complicated cases: the parastichies which 
run parallel in one direction are counted, 
and the leaves in one of them are numbered 
according to the above-mentioned rule; by 
repeating the process in another system of 
parastichies which intersects the first, the 
number of each leaf will be found. 

The commonest divergences are the follow- 


ing : 4, Bs 4 3, Ts ae ee 

This series is easy to remember, for the nume- _F'. 6.—Diagram of a stem 
. ‘ the leaves of which have the 

rator of each fraction is the sum of those of oonetant divervetied of Pathe 

the two preceding, and it is the same with leaves of the anterior surface 


the denominators lane ork Aedes 

There are, however, divergences which are silen «they are connected by 
not included in this series, e.g., 4, 2, 3, &c. ee eee 
In some cases the construction of a spiral 
with a constant divergence is impossible, as 
in Salvinia. . 

The causes of this regularity of arrangement of the leaves lie partly 
in the mode of origin of the leaves at the apex of the stem and partly 
in the displacements which they undergo in the course of their sub- 
sequent growth. 

Instances of the divergence 4: all Grasses and the smaller branches of the Elm, 
the Lime, the Hornbean and the Beech; in these, particularly in the last, the 
leaves undergo displacement, so that on the under side of the branch the diver- 
gence is less, and on the upper side it is greater than }. 
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_ Divergence of 3 is found in all the Sedges, and in the branches of the Alder 
and Aspen, 
Divergence of $ may be regarded as the most frequent ; it occurs in many 


herbaceous Cray and in most of the smaller branches of the Willow, the ‘oe 
the Oak, the Rose, the Cherry, and the Apple. 


The acicular leaves of the Firs and Spruces usually have a divergence of 2 and 
is: ¥r occurs very commonly in the cones. 

Finally, it may be observed that the genetic spiral turns sometimes to the right’ 
and sometimes to the left on the stem: in botanical terminology, a spiral is said 
to be right-handed when it runs in such a direction that if the observer ascended 
along it he would have the axis on his right ; and left-handed, when it runs in 


the contrary direction. 

§ 4. The Form of the Mature Leaf. A leaf is usually 
flattened horizontally into a broad surface ; it is thin, and of such a 
form that it can be divided by a perpendicular plane, the median 
plane, into two similar halves. The halves are usually counterparts, 
like the right and left hand, or an object and its reflected image ; the 
leaf is then said to ke symmetrical. Unsymmetrical leaves, the halves 
of which are not similar, occur in the Elm, and very conspicuously in 
Begonia. The lower or outer surface of the leaf usually differs from 
the upper or inner surface in structure, colour, hairiness, &c. As a 
rule the surface of the leaf is extended at right angles to the median 
plane, and also to the longitudinal axis of the stem ; but this original 
position is frequently altered by subsequent torsions. Decussate 
leaves, for instance, are often so twisted that the upper surfaces of all 
of them come to lie in one plane, as in Philadelphus; and on the horizon- 
tal branches of the Silver Fir the leaves that grow: 
on different parts of the stem are so twisted that 
their upper surfaces are all directed towards the 
zenith. Rarely, as in the Iris, the leaf is from the 
first extended in the median plane itself. 

Departures from the ordinary flattened form of the 
leaf are found in the acicular leaves of the Spruce, 
the cylindrical leaves of many species of Sedum 
and Mesembryanthemum, and in the tubular leaves 
of Allium and Juncus. 

The leaf is usually regarded as consisting of 
three parts: the sheath, the stalk, and the blade. 

Fic. 7.—Leaf of Ra- The sheath (Fig. 7 v) encloses the stem at the 
eae Ageeten ; insertion of the leaf, assuming a tubular or sheath- 
blade (nat. size). like form ; it is largely developed in Grasses and 

Umbelliferae ; the leaf-stalk or petiole (Fig. 7 p) 
is narrow, usually semi-cylindrical or prismatic in form, and bears at 
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its end the expanded blade or lamina (Fig. 7 1). These three portions 
are riot, however, developed in all leaves. Many leaves, as. those of 
the Maple and the Gourd, have only petiole and blade ; others, as the 
Grasses, only sheath and blade. Frequently the blade only is present, 
as in the Tobacco and the Tiger-lily, when the leaf is said to be sessile. 

The stipules must be regarded as belonging to the sheath, In many 
plants they take the place of the sheath and appear as two outgrowths 
at the base of the leaf (Fig. 8 Band Css). They are often similar 
in colour and texture to the leaves, as in Willows, Peas, the Violet, 
and the Rubiaceae, in which they are compound; in other plants, on 
the contrary, they are colourless or brown, and fall off soon after the 


Fic. 8.—A Part of a leaf of Grass (Poa trivialis) with the ligula 7; a the haulm; v the 
sheath ; 2 lamina of the leaf. B Leaf of a Willow (Salix Caprea); a stem; ss stipules; p 
petiole; f lamina; k axillary bud (nat. size). C Leaf of a Pea (Pisum arvense); a stem; ss 
stipules ; r rachis ; ff leaflets ; ~f rf the upper leaflets metamorphosed into tendrils ; end of 
the rachis likewise transformed to a tendril. 
leaf is unfolded, as in the Beech, the Elm, and the Lime. Sometimes 
a pair of stipules occur as well as a sheath, and they appear as teeth 
at the top of the sheath, as in the Rose. 

Only in comparatively few plants does a ligule occur; this is a 
small outgrowth from the anterior (inner) surface of the leaf which 
is found in the Grasses at the junction of the sheath and the blade 
(Fig. 8 A 7), and also in the petals of many flowers, as Lychnis and 
Narcissus. 

In the case of most leaves it is obvious that their internal 
tissues are differentiated, The fundamental tissue, which is gener- 
ally green, the Mesophyll, is traversed by bright bands, which are 
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the fibro-vascular bundles or so-called veins. These usually project 
on the under surface, and when the leaf decays, remain for a ‘time 
as a skeleton of the leaf. The distribution of these bundles, the 
venation, is characteristic of large groups of plants. In the narrow 
leaves of most of the Monocotyledons the veins are parallel, branching 
rarely or not at all 


in many of the 
Dicotyledons only 
a few veins enter 
the leaf which 
_ branch frequently 
and anastomose, 
forming a reticu- 
lated venation. 
According to the 
ramification of the 
veins, the leaf may 
be either pinnate 


Fic. 9.—A, Pinnate venation of the leaf of the Beech, Fagus sylva- (Fig. 9 A) ? that is to 
tica ; m, mid-rib, n, lateral veins ; B, Palmate venation of the leaf say, a median vein 
. . * ? 

of Alchemilla vulgaris (nat. size). oon 
or mid-rib runs 

through the leaf and gives off several lateral branches, e.g., Tobacco, 
Beech, and Elm; or it may be palmate (Fig. 9 B), that is, the 
vein divides at its 
entrance into the 
lamina into a num- 


ber of equal diverg- 


may again divide, 
e.g. Maple and Ivy. 

In _ descriptive 
Botany, a number 
of terms are used 
to describe the de- 
tails of the inser- 


tion, the contour, 

Fic. 10.—The insertion of sessile leaves. A amplexicaul leaf of . 
Thlaspi perfoliatum. B perfoliate leaf of Bupleurum rotundifolium. the apex, Tet 
C connate leaves of Lonicera caprifolium. and the segmenta- 


tion of leaves. The most important are as follows: 
When the blade springs immediately from the stem the leaf is said to be sessile ; 


(Fig. 13 Z) ; while 


ing veins, which | 
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amplexicaul, when it surrounds the whole, semi-amplexicaul, when it surrounds 
only half of the circumference of the stem at its insertion (Fig. 10 4. Thlaspi 
perfoliatum ) ; perfoliate, when the two opposite margins of the base of the leaf 
meet and coalesce on the opposite side of the stem from the point of insertion, 
e.g., Bupleurum rotundifolium (Fig. 10 B). This form must not be confounded 
with connate leaves, in which case two leaves growing at the same level on opposite 
sides of the stem unite at their bases, e.g., the Honeysuckle (Lonicera caprifolium, 
Fig. 10 C). 

In decwrrent leaves leafy wings extend downwards from the insertion along the 
stem, which is then said to be winged, e.g., many kinds of Mullein (Verbascum) 
and the leaf-stalk is sometimes winged in the same way by a downward growth 
of the lamina. 


The petiole is occasionally inserted on the under side of the blade, which 
is then said to be peltate; but it is usually inserted at its lower edge, and is 
either sharply defined from it or gradually merges into it; an example of this 
latter mode is afforded by the cwneiform leaves of the Daisy (Bellis perennis). 
A heart-shaped or cordate leaf is one of which the lower edge is deeply hollowed 
in the median line, whether it be sessile or stalked, e.g., the Lilac (Syringa). 
It is arrow-shaped or sagittate, when the blade is much prolonged on each side of 
this hollow, as in the Arrow-head (Sagittaria). As to the general form of the 
leaf, it said to be linear when the opposite edges are nearly parallel, e.g., in 
Grasses ; lanceolate, when the leaf is at least four times as long as it is broad, 
e.g., the Rib-wort (Plantago) ; elliptical, when the leaf is about twice as long as 
it is broad, e.g., the leaflets of the Rose ; ovate, when the leaf is at the same time 
broadest towards the base ; obovate, when it is broadest towards the apex; swb- 
rotund, orbicular, reniform, when it is both broad and somewhat heart-shaped, 
e.g., Ground Ivy (Glechoma) (Fig. 14 £ /). 


The leaf is also described, according to the form of the apex of the blade, as 
being acute, when the lateral margins gradually converge at an acute angle, e.g., 
the Rib-wort ; as acuminate, when the apex tapers rapidly (Fig. 11 @), e.g., the 
separate leaflets of the Horse-chestnut ; or as obtuse or as emarginate (Fig. 11 D f'), 
when it is more or less indented at the broad obtuse apex, as in some kinds of 
Senna (Cassia obovata) ; as obcordate, when this indentation is deeper, as in the 
leaflets of the Woodsorrel (Oxalis); and as mucronate, when there is a sharp 
projection from the obtuse apex, as in the leaflets of Lucerne (Medicago sativa) 
(Fig. 11 Ff! s). 

The margin of the leaf is either entire (Fig. 13 Z), as in the Forget-me- 
not and Tulip; or it presents slight asperities, when it is said to be dentate 
(as in each segment of the leaf in Fig. 11 C); or it has sharp straight spines, 
as in the Holly (llex Aquifolium), when it said to be wavy; or it is 
serrate, with teeth directed towards the apex (Fig. 9 B), as in the Rose; or 
crenate, with obtuse wavy indentations, as in the Violet (Fig. 14 # f). If 
the margin be more deeply indented, the leaf is said to be incised, and the 
incision may be either palmate or pinnate, according to the mode of venation. 
In order to express the fact that the incision extends less or more nearly to the 
junction of the lamina and petiole in palmate leaves, or to the mid-rib in pinnate 
leaves, different terms are used. Thus the leaf is said to be lobed and pinna or 
palmatifid, when the incision does not extend so far as half way (in a palmate leaf, 
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Fig. 9 B) ; partite, when it extends about half way (Fig. 11 A) ; dissected, when 
it extends the whole way (pinnate, Fig. 11 C). 

Compound leaves are formed by the division of the lamina into several smaller 
lamin, connected by their secondary petioles (petiolules), which are called 
leaflets (foliola) (Fig. 11 f'). The compound leaf, like the lobed or partite simple 
leaf, may be palmate or pinnate. In the former case it is called, according to the 
number of the leaflets (three, four, five, or more) ternate, quadrinate, quinate, &e. 
(Fig. 11 B is ternate), and by further division of the leaflets it may become 


Fic. 11.—Incision of leaves. p petiole ; p’ petiolule ; f’ leaflet ; rrachis. .A Palmatifid leaf 
of Geranium. B Ternate leaf of Clover, C Pinnatisected leaf of Papaver Argemone. Compound 
leaves; D Imparipinnate, Hippocrepis comosa; t terminal leaflet. E Pari-pinnate, Pistacia lentis- 
cus; a wing of the Rachis. F Imparipinnate unijugate leaf of Medicago. This differs from B, 
which is ternate, inasmuch as the secondary leaf-stalks p’ do not all spring from one point, 
but the common leaf-stalk p extends beyond the insertion of the single pair of pinnee. 
G Leaf of the Orange ; the articulation a between the blade and the winged petiole shows 
that the blade is in fact the terminal leaflet of a pinnate leaf, of which the lateral pinne are 
Suppressed. H Bipinnate leaf of the Acacia; 7’ secondary rachis ; 7” secondary pinne. 


$4] PART I.—THE MORPHOLOGY OF PLANTS. 13 


biternate or triternate, &e. (e.g., Clover, Lupin, Horse-chestnut). In the compound 
pinnate leaf the separate leaflets are called pinna, and are inserted on each side 
4 of the midrib, or rachis (Fig. 11 B f'), which appears to be a prolongation of the 
’ true petiole (Fig. 11 Dr). If the rachis terminates in a single leaflet, the leaf is 
said to be imparipinnate (Fig. 11 D t); but when it has no terminal leaflet, it is 
‘ paripinnate (Fig. 11 #). According to the number of the pairs of leaflets, the 
leaf is said to be bi- or tri-jugate, etc. (Fig. 11 £). Itis interruptedly pinnate when 
large and small pinne occur alternately or irregularly, as in Potentilla anserina. 
When the pinnate segmentation is repeated, the leaf becomes bi-pinnate or tri- 
pinnate (Fig. 11 H). Many leaves, by a combination of palmate and pinnate 
arrangement, acquire a highly complex conformation, as is seen in many umbel- 
liferous plants. 

Leaves or portions of leaves are occasionally transformed into tendrils, which 

are organs of attachment (see § 48); this is the case with the rachis and with all 
or some of the pinne, in the Vetch, Pea, and other allied plants (Fig. 8 Cr! and 
rf). Less frequently the lamina is metamorphosed into an ascidiwm, assuming 
the form of a pitcher, as in Nepenthes. 

The texture of most leaves may be described as herbaceous. Leaves of this 
kind last usually for only a single season, and die or fall off in the autumn. 
Leaves of firmer texture, which are said to be cori- 
aceous, survive the winter, and either fall off when 
the new leaves are developed (the Privet), or continue 
to live for several years, (Holly, Box, and most 
Conifers ; the acicular leaves of the latter may persist 
for as many as twelve years, (Silver Fir)). Fleshy or 
succulent leaves occur in Aloe, Sedum, &c. In many 
eases leaves are metamorphosed into spines: these 
are hard-pointed, woody structures, which, from 
their position, may be recognised as being modified 
leaves - such are the leaves on the shoots of Berberis 
(Fig. 12 a 6), the stipules of Robinia Pseudacacia, 
the persistent petioles of many species of Caragana 
and Astragalus. 

The relative position and the form of leaves in the 
bud present many characteristic peculiarities. 

According to the greater or less breadth of the 
leaves, those which are contiguous to each other 
either merely touch at their edges (valvate prefolia- Fic. 12.—Leaf-spines of Ber- 
tion, or estivation in the case of flowers), or their edges beris vulgaris, at the base of a 
overlap (imbricate prefoliation); an intermediate form, S20ot of one year’s growth. 
known as the contorted or twisted, is to be found, for Chcaaibe aa BIR Aes 

: , 6 with a smaller surface; kk 
example, in the arrangement of the petals of the Peri- axillary buds (nat. size). 
winkle ; in this case one margin of each leaf is directed 
obliquely inwards, and covers that of the next. As regards the form of the 
individual leaves in the bud, called the vernation, it is distinguished as plane, when 
the leaf is not folded ; as conduplicate, when the two halves of the leaf are folded 
inwards from the midrib (e.g., the Bean); as plicate, when the leaf is folded 
in numerous longitudinal or slanting pleats (e.g., the Beech); as crumpled, 
when the foldings and inequalities are in every direction (¢.g., the petals of the 
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Poppy) ; as involute, when the edges are rolled inwards towards the midrib (e.g., 
the Violet) ; as revolute, when they are rolled inwards towards the midrib on the 
lower surface (e.g., Sorrel) ; as convolute, when the whole leaf is rolled up from 
one margin so as to form a single coil (e.g., Canna) ; or as circinate, when the 
leaf is rolled up from the apex downwards (e.g., Ferns). 


In highly organised and differentiated plants many forms of leaf- 


structures (phyllomes) may be distinguished, for certain regions of the 


stem bear peculiar forms of leaves which though differing in some 
respects, agree in their general characteristics. These are : 
| 1. Foliage leaves, usually 
known simply as_ leaves 
| (Fig. 13 Z). This is the 
) : most general form. These 
leaves are conspicuous on 
account of their green co- 
lour, and in accordance with 
their function (see § 33), 
they are exposed as much as 
possible to the sun-light. 
If they are small they are 
very numerous (Conifers), 
and the larger they are the 
fewer they are (Sun-flower, 
Paulownia). They always 
possess a _ well-developed 
lamina, which presents the 
various peculiarities of form 


| | previously described. 


2. Scales or cataphyllary 
leaves (Fig. 13 N). These 
are usually of a yellow or 


AlN brown colour, of simple 
| structure, without project- 

& Sap. ing veins, and attached to 
| the stem by a broad base. 

/ W They may be regarded as 


the sheaths of leaves, the 
Fic. 18.—The three forms of leaves on the stem of 


Maianthemum bifolium (nat. size); N, the scales ; L, Pp etioles and Jamin of 
the foliage leaves ; H, d, the bracts ; 0, the flowers in which have not been 


ee ee rote developed ; this is true even 
in the case of those plants the foliage-leaves of which usually 
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develop no sheaths, They always occur on subterranean stems 


(e.g., the scales of the Onion), and sometimes on aérial stems. 
Many plants which are not green (Orobanche, Neottia) produce 
only cataphyllary leaves in addition to the floral organs. The most 
common form in which they occur upon aérial stems is that of 
scales investing the buds of trees. In this case they are the lowest 
leaf-structures borne by the annual shoot, and usually fall off as the 
bud develops. 


Some indigenous trees have naked buds without scales, as Viburnum Lantana 
and Rhamnus Frangula. The following varieties of bud-scales may be distin- 
guished : 

a. No true bud-scales—the investment of the bud is formed by the stipules 
of the first foliage-leaf : Alnus incana and Liriodendron. 

b. The stipules possess lamine, and are covered externally by one or more 
simple scales : Poplar, Willow, Elm. 

c. The bud-scales are stipules without lamine: within them are stipules 
with laminz, and there may be simple scales outside of them: Beech, 
Oak (or they may be absent), Birch. 

d. The bud-scales are simple leaf-sheaths without lamin ; the foliage-leaves 
possess neither stipules nor sheaths ; Abietinee, Maple, Horse-chestnut. 

In a certain sense the cotyledons of Phanerogams, the leaves first 
developed from the seed, may be regarded as cataphyllary leaves. 
These will be discussed at a later period. 

3. Hypsophyllary leaves or bracts (Fig. 13 H) belong to that 
region of the stem which bears the flowers. They are smaller 
than the foliage-leaves, and are inserted upon the stem by a narrow 
base (the glumes of Grasses). They may be green or of various 
colours. 

4, The Flower is a shoot, the leaf-structures of which have been 
modified to form calyx, corolla, stamens, and ovary. It is peculiar 
to Phanerogams, and will be discussed when those plants are treated 
of. (Part IV.) 

§ 5. Stem-structures or Axes (Caulomes), with the exception 
of the primary stem of the seedling, which is derived directly from. 
the oosphere, take origin from stems of older growth; they usually 
spring, as has been shown in § 3, from the axils of the leaves. Asa 
rule, one lateral shoot is formed in the axil of each leaf, but sometimes 
more than one is formed; when this is the case, the shoots are either 
situated one above the other, as in Gleditschia, or side by side, as in 
the bulbs of Muscari. All the shoots that originate as lateral buds 
are not necessarily developed into branches; thus the buds that are 
formed in the axils of the bud-scales always remain undeveloped, and 
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are only incited to growth when the other buds are destroyed. Buds 
which thus remain undeveloped for a long period, often for years, are 
called dormant, and the shoots which are ultimately produced from 
them are said to be deferred. 

Adventitious shoots occur on old stems, and also on roots ; frequently, 
for instance, on those of the Poplar; sometimes even on leaves, as in 
Bryophyllum and many Ferns. “hy 

Buds which become separate from the parent plant before their 
elongation has begun, and produce new independent plants, are called 
Bulbils ; such are the bulbous buds in the axils of the leaves of 
Lilium bulbiferum (the Tiger-lily), and in the inflorescences of species 
of Allium, &ec. 

The typical form of the stem is cylindrical or prismatic; in the 
latter case the number of the angles bears a definite relation to the 
arrangement of the leaves; for instance, when the leaves are opposite 
and decussate, the stem is quadrangular. Irrespective of the thicken- 
ings of the stem at the nodes which separate the internodes, a 
tumidity, the pulvinus, usually oceurs below the insertion of the leaf, — 
which is very conspicuous on the branches of the Fir, Poplar, and 
Ash. 

The different forms of stems are determined by the period and 
direction of their growth, the length of their internodes, the relation 
of their thickness to their length, the form of the leaves they bear, 
and by other factors. 


The soft herbaceous axis of annual plants is usually known as a stalk (caulis); the 
terins trunk, branch, and bough are usually applied to stem-structures which persist 
and increase in thickness for several years. The latter are built up of successive 
annual shoots ; for, during the time when growth is inactive, which in our climate 
is in the winter, the apex and the lateral shoots remain quiescent in the condition 
of buds. The lowest internodes of each annual shoot are short, particularly those 
which lie among the bud-scales, so that the limit between the shoots of two succes- 
sive years is easily recognised even in old branches by the close arrangement of the 
scars of the fallen bud-scales. The other internodes of the annual shoot are 
longer nearer the apex, but are sometimes short again close beneath it, as in the 
Oak, so that the leaves and lateral buds are crowded below the terminal bud. 
When most of the internodes are elongated, as has been described, the struc- 
ture in question is an ordinary shoot: but on many trees there are also 
dwarf-shoots. These are annual shoots the internodes of which have hardly 
elongated at all, and usually bear no lateral shoots; such are the shoots 
bearing the fascicled leaves of the Larch, which spring from the axils of the 
leaves of an ordinary shoot of the same year: they usually elongate but slightly 
each year, but shoots of this description may, under certain circumstances, 
develop into ordinary shoots. In the Pine, these dwarf-shoots bear only two 
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green acicular leaves in addition to scales, and arise in the axils of the scaly 
leaves of an ordinary shoot of the same year’s growth. In forest-trees, these 
dwarf-shoots occur especially in advanced age, or when their growth is stunted ; 


Fic. 14.—Various forms of stems. A Tubers of Helianthus tuberosus (4 nat. size); s lower 
part of the stem springing from last year’s tuber xk’ ; in the axils of the upper leaves arise the 
buds kn, and in those of the lower leaves the tubers & with very small scaly leaves and buds. 
B, Bulb of Hyacinthus orientalis (reduced) ; k the discoid stem, z the scales, s the stalk which 
subsequently elongates and bears the flowers above ground, with the buds 0; U foliage- 
leaves, w roots ; kn an axillary bud which becomes next year’s bulb. C Elongated rhizome of 
Carex arenaria (4); scaly leaves n of the rhizome s ; a erect shoot with scaly and foliage-leaves 
'.—D Runner of the Strawberry, Fragaria (reduced), springing from the plant a, with scaly 
leaves n, from the axil of which a new runner b arises. FE Creeping stem of the Ground Ivy 
Glechoma hederacea (reduced); f f decussate leaves ; the internodes are twisted ; a axillary 
shoot ; w root. 


they are very conspicuous in Apple and Pear, and other similar trees, and are the 


only parts of the tree which produce flowers and fruit. 
Z 
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The stem of herbaceous plants is usually erect, but sometimes it is prostrate, 
as in Thyme ; when, in this case, roots grow from the nodes, it is called a creep- 
ing stem (soboles, Fig. 14 EH). Stolons are long, slender, lateral shoots which 
grow close upon or under the surface of the soil and take root again at some 
distance from the parent plant (e.g., the Strawberry, Fig. 14 D). Twining or 
climbing stems are 
stems which pro- 
duce leaves and 
flowers, and at the 
same time grow 
upwards round up- 
right supports(Fig. 
15 B), asthe Hop, 
Bean, Convoivu- 
lus, and others 
(v. § 48). Other 
plants climb by 
means of tendrils 
(cirrhi), i.e., slen- 
der, filiform, late- 
ral shoots with 
only minute scale- 
like leaves which 
twist spirally 
round foreign bo- 
dies (Fig. 15 A), 
as in the Vine, 
Virginia creeper, 
Passion flower, &c. 

Many axial 
structures become 
thorns, being me-. 
tamorphosed into 
hard, sharp-point- 


Kic. 15.—-A Part of the stem of the Vine (4 nat. size) with two 
tendrils rr; the upper one bears small leaves hk and branches; the 
lower one has become attached to a support z and has rolled up ; 
spirally ; bb petioles ; in this case the tendrils are branches which are ed bodies. Some- 
peculiar in that they are opposite to the leaves. B Twining stem of times the apex of 
Ipomeea, s, with leaves b and a bud k; wz is the support. a shoot is modified 


in this way after it 
has produced leaves, e.g., the Sloe (Fig. 61), or certain lateral shoots are developed 
as spines from the first, as in Gleditschia, in which plant secondary spines also 
are developed from the axils of scaly leaves. 


With regard to those subterranean stems which are commonly known as roots, 
and bear for the most part cataphyllary leaves, the most important varieties are— 
the rhizome, which differs but little from the ordinary typical stem; it grows 
horizontally under the earth’s surface, and develops new aérial herbaceous 
stalks and sometimes green leaves every year (Fig. 14 C): the twber, which grows 
greatly in thickness and bears only minute scaly leaves ; e.g., the tubers of the 
Potato and of Helianthus tuberosus (Jerusalem Artichoke) (Fig. 14 4 &): the 


Theoretically, two principal types 
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bulb (Fig. 14 B), which consists of a flat discoid axis (%) bearing numerous 
crowded and overlapping leaves (z), e.g., the Onion and Tulip. 


The form of stem which differs most widely 
from the ordinary type is the phyllode, which 
resembles a leaf in its appearance, and bears 
only very small true leaves, e.g., the branches of 
Ruseus and Phyllanthus. In the Cactus family 
there is the greatest diversity in the form of the 
stem; it may be leaf-like, spherical, cylindrical, 
columnar, &c.—but in all cases the leaves are 
rudimentary. 


§ 6. Development of Branch-Sys- 
tems. Just as it is possible to ascertain 
the laws governing the relative positions of 
all members growing in acropetal succession 
from a study of the leaves (which are always 


AN 

Fic. 16.—Thorn of the Sloe, 
Prunus spinosa, a branch, d 
leaf-scar, from the axil of which 
the thorny branch s springs ; on 
the thorn are f f leaf-scars; in 
the axil of the upper one is the 
branch z, in that of the lower, 
the bud k. 


nM 


developed in that order), so the study of the branching of stems will 


lead to the general laws which regulate branching. 
meant the production of similar 


members :—thus it is an instance 
of branching when a root produces 
a lateral root. Any member with 
its branches composes a branch- 
system, and every branching 
member is, with reference to its 
branches, the avis of a system. 


of branch-systems may be dis- 
tinguished, according to the ar- 
rangement of the members: 


1. The branching is termed a 
Dichotomy when the direct apical 
growth of a member ceases, two 
growing-points which are equally 
vigorous, at any rate at their first 


By branching is 


development, being formed at the 
apex. The two new branches are 
called bifurcations, and the member 
which bears them is called the 
base or podium; each of these 


Fic. 17.—Diagram of the various modes of 
development of a Dichotomy. A One deve- 
loped by bifurcation. B Helicoid dichotomy ; 
here the left-hand branch is always more 
vigorous than the right (7). C Scorpioid dicho- 
tomy ; the right and left branches are alter- 
nately more vigorous in their growth. 


bifurcations may become the base of a new dichotomy. They may 
either (#) continue to grow with equal vigour, in which case the 
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dichotomy remains distinctly bifurcate (Fig. 17 A), or (6) the system 
may become sympodial, if at each bifurcation one branch becomes 
more strongly developed than the other: in such a case the bases of 
the successive bifurcations appear to constitute an axis, which is called 
the pseud-axis or sympodiuwm, on which the weaker bifurcations 
appear as lateral branches (Fig. 17 B. C). The sympodium may consist 
of bifurcations belonging to the same side of the successive dichoto- 
mies, either to the left or to the right (Fig. 17 B). This constitutes 
helicoid (bostrychoid ) dichotomy, e.g., the leaf of Adiantum pedatum, 
or it may consist alternately of the right and left bifurcations of suc- 
cessive dichotomies (Fig. 17 C), when it is said to be a scorpioid 
(cicinal) dichotomy. 

Dichotomous branching is rather uncommon, and scarcely ever occurs 
in leafy shoots. 

2. The monopodial branch-system arises in this way, that the 
member continues to grow in its original direction, and produces 
lateral branches in acropetalous succession behind its apex; it is 
therefore the common base of all the lateral shoots and hence the system 
is termed monopodial. It is evident that this mode of branching 
must occur in all stems the lateral branches of which are dependent, 
as to their position, upon the arrangement of the leaves, and are 
therefore developed in acropetal succession. Each branch may subse- 
quently branch again in the same manner. The monopodium may 

7 be either (qa) 
qr” racemose, when 
the primary 
axis continues 
to grow more 
vigorously than 
the lateral axes, 
and when each 
lateral axis 
stands in the 
same relation to 
its lateral axes ; 
(b) or cymose, 
when atan early 

Fia. 18.—Diagram of a False Dichotomy; the Roman numerals 
indicate the order of development of the shoots of the system. Those stage the growth 


numbered II’ and II” are equally vigorous, but much more so than the of each lateral 
primary axis I (from Sachs). 


axis begins to be 
more vigorous than that of the primary axis above the point of origin 
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of the lateral axis, and when the lateral axis becomes more copiously 
branched than the primary axis. Hence two forms may arise : 

(a) there may be no pseud-axis ; this is the case when two or more 
lateral axes are developed in different directions and grow with nearly 
equal vigour (Fig. 18) and more vigorously than the primary axis which 
soon ceases to grow; such a system has a certain resemblance to a dicho- 
tomy, and is called a false dichotomy (Dichasium, or Polyotomy, Poly- 
chasium): or (8) a pseud-axis is formed ; this takes place when only one 
lateral axis develops vigorously in each case, as in Fig. 19 A, where the 
lateral axis 2 has grown more vigorously than the mother-axis 1, and 


fs 
bys ; 4, 
QO Y . &; X e L 
D /¢ 0 
as 5 
‘ORES 4 cg 
8 o> 
ey: =o 
C) ) 
3 
c> Ware 
3N fp 3 
70 


Fic. 19.—Cymose branchings represented diagrammatically. .4 B Scorpioid (cicinal) cyme. 
C Dichasium. D Helicoid (bostrychoid) cyme. The numerals indicate the order of succes- 
sion of the lateral shoots which spring from each other. 


so on. (In the diagram the dark lines indicate the more vigorous 
growth.) The pseud-axis which is thus formed is at first crooked, but 
in most cases subsequently it becomes straight (Fig. 19 A becomes B). 
If the stronger growth always occurs in the lateral shoots of the same 
side, the system is called a helicoid cyme (Fig. 19 D); if alternately 
in those of both sides, it is called a scorpioid cyme (Fig. 19 A B). 

As examples of monopodial branching, the inflorescences, which will be treated 
of subsequently (Part IV.), may be especially mentioned; the following are 
selected from the vegetative organs : 

Racemose branching is very evident in Conifers: the trunk is always more 
strongly developed than its lateral branches, and these than their lateral branches. 

False Dichotomy is exhibited in the stem of Viscum, the apex of which either 


terminates in a flower or else dies; only the axillary buds of the two leaves 
develop into newannual shoots. As regards the arrangement of the annual shoots, 
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the same oceurs in Syringa, in which the axillary buds of the uppermost pair of 
leaves form the continuations of the stem, whilst the terminal bud dies ; also in 
thamnus catharticus, in which the main axis is metamorphosed into a thorn. 
In this case the branching of each annual shoot is racemose, but the successive 
annual shoots form a cyme. 

The Deadly Nightshade, which will be described in Part IV., affords an example of 
a monopodial sympodium, as also the succession of the annual shoots of many trees, 
as the Birch, Elm, Beech, and Hazel; in these, each annual shoot either termi- 
nates in a flower, or it dies, and the uppermost lateral bud forms its continuation. 
Here also the branching of each annual shoot, apart from its apex, is racemose. 


§ 7. The term Root in its bota- 
nical sense is not applicable, as in 
ordinary parlance, to any subterranean 
part of a plant, but only to those mem- 
bers of the plant which are developed 
endogenously, which produce no leaves, 
and which have their growing-point 
protected by a peculiar structure, the © 
root-cap (Fig. 20 h). The outermost 
cells of the root-cap are thrown off 
while new ones are continually being 
formed at the growing-point. 

Fic. 20.—The side roots n, thrown Roots only occur in such plants as 
out from the pericambium of the tap possess fibro-vascular bundles, and they 
tats ae hersen'g x f Petr themselves invariably contain such 
bundles. 7 Cortex of the main root. bundles; only a few vascular plants are 
Ma ee eae ee entirely destitute of roots (Salvinia, 
Lemna arrhiza, &e.). The term primary root (tap-root) is applied to 
the root of a young plant which lies in the same straight line as its 
primary stem ; in the Vascular Cryptogams and in the Monocotyledons 
it remains small, and it is only in the Dicotyledons (to which group 
the Bean, the Tobacco, the Hemp, and the Oak belong) and in the 
Gymnosperms, that it attains a considerable size in proportion to the 
rest of the plant. All the other roots—the secondary and the adven- 
titious—originate laterally upon the primary root, or from the stem, 
or even from leaves. They invariably originate from an internal layer 
of tissue, and then break through the external tissues. On anatomical 
grounds (§ 25), the lateral roots are arranged in longitudinal rows on 
the main-root; at a later period, however, numerous adventitious 
roots are successively developed here and there between the original 
lateral roots. | 


The primitive form of roots is that of an elongated cylinder, only those roots 
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which undergo a gradual growth in thickness and at the same time become 
succulent acquire a spindle shape, e.g., Beetroot, or exhibit tuberous swellings, 
e.g., the Dahlia. The aérial roots of many tropical plants, such as Tree-Ferns, 
Orchids, and Aroids, which serve to attach them to tall trees and other supports, 
are physiologically different from true roots. So, too, are the elimbing-roots of 
the Ivy, which grow close together from certain parts of the stem and remain 
quite short, serving as a means of secure attachment to walls and tree-trunks ; 
also the sucker-roots of many parasitic plants, e.g., Dodder (Cuscuta), which 
penetrate the tissues of the plant which nourishes them. 


§ 8. Hairs or Trichomes are organs which are developed from 
- the epidermis of a member. This category includes not only hairs in 
the strict sense of the word, such as will be described hereafter in § 29, 
but also many reproductive organs such, for instance, as the sporangia 
of Ferns. 


Prickles, such as those of the Bramble or of the Rose, 
are usually included among trichomes (Fig. 21). They 
differ from true hairs in that they are formed not from 
the epidermis only, but from the subjacent tissue also, but 
they agree with them in that they are not arranged in any 
regular order, and are not the result of the modification 
of certain members (caulomes or phyllomes), as is the case 
with thorns. Like the hairs they are merely appendages, 
the occurrence and arrangement of which does not materi- 
ally affect the general structure of the plant. In order to 
indicate the fact that they are not developed in the same 
way as true trichomes, prickles and allied structures (warts, NT 

. Fig. 21.—Prickles on 
tubercles, &c.) may be designated as Hmergences. Chokion eet sienna 

The ordinary hairs may be simple, or compound, they Rubus jsruticosus (nat. 
may be stellate, they may be hardened and elongated size). 

(set#), or they may be glandular. According to the 

nature and number of the hairs upon it, a surface is said to be pubescent (the 
flower-stalks of the Primrose), pilose (leaves of the Sunflower), hirsute (Myosotis 
sylvatica ), setose (Borrage, Echium), villous (Anemone pulsatilla ), tomentose (leaves 
of Petasites niveus and spurius), silky (leaves of Salixalba), woolly (Stachys ger- 
manica). If there are no hairs upon it, it is said to be glabrous. 


§ 9. The body of the lower plants (Alge, Fungi, and many 
Liverworts) exhibits no differentiation of stem, leaf, and root. It 
possesses organs which serve, like the roots of the higher plants, tc 
fix the plant to the soil and to absorb nutriment, and frequently it 
exhibits branchings which resemble leaves; but these structures do 
not properly belong to the two categories as defined in § 1.. Sucha 
body is termed a Thallus. A thallus may, and very frequently does, 
bear true trichomes. ! | 
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THE ANATOMY ‘OF PLANTS: 


§ 10. The members of the plant which have been described in 
Part I. agree, as to their external structure, in this, that they all 
consist of cells or of structures formed by the modification of cells. 
The cellular structure of the parts of plants may be easily observed : 


a section seen with even a low magnifying power shows cavities _ 


separated by walls. Sometimes it is possible by mere pressure to 
separate the cells forming a tissue, as in the case of the ripe Snow- 
berry (fruit of Symphoricarpus racemosa), when they appear as closed 
vesicles filled with fluid. Certain cells always occur isolated ; thus 
the pollen consists of isolated cells. The form and development of 
cells, the mode of their combination to form tissues, and the resulting 
texture of the tissue, may vary greatly. Mere rupture of any part of 
a plant shows that it consists of fibrous tissues surrounded by more 
yielding substance. Since the variety of the tissues depends upon 
the development of the cells composing them, it will be advantageous 
to study cells, as such, first, and then the tissues. 


Oak Bab Re a 
THE CELL. 


§ ll. The Structure and Form of the Cell. In a well- 
developed living cell the following three principal constituents may 
be distinguished : 

(1.) A firm elastic membrane, closed on all sides, the cell-wall 


(Fig. 22 Ch), which consists of a substance peculiar to itself called 


cellulose. 

(2.) A layer of soft substance, the protoplasm, lying in contact with 
the inner surface of the membrane, and, like it, closed on all sides ; 
this always consists of albuminous substances (Fig. 22 Cp). In all 
the higher plants the nucleus (Fig. 22 C*) occurs imbedded in it. 
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(3.) A watery fluid, the cell-sap, which fills the whole space en- 
closed by the protoplasm (Fig. 22 C. s). 
~The same ‘cells in which these three parts may be distinguished, 


present, in their 
young state, when 
they are very much 
smaller (Fig. 22 
A), quite a dif- 
ferent appearance. 
At this period the 
protoplasm fills the 
whole cell ; the cell- 
sap makes its ap- 
pearance in the 
course of develop- 
ment, at first (Fig. 22 
B) in the form of 
small drops, which 
are termed vacuoles. 
These, while the 
whole cell increases 
in size, gradually 
increase also and 
coalesce, while at 
the same time the 
bands of protoplasm 
which separate them 
are absorbed into 
the peripheral layer. 

In this way these 
cells attain the con- 
dition in which they 
remain until the 
death of the organ 
of which they form 
part. They may be 


Fig, 22.—Parenchyma-cells from the cortical layer of the root 
of Fritillaria imperialis ; longitudinal sections (x 550). A Very 
young cells lying close to the apex of the root, still without 
cell-sap. B Cells of the same description about 2 mm. above the 
apex of the root; the cell-sap s forms separate drops in the 


protoplasm p. C Cells of the same description about 7-8 mm. 
above the apex of the root; the two cells to the right 
below are seen in a front view; the large cell to the left below 
is in section; the cell to the right above is opened by the 
section ; the nucleus shows, under the influence of the penetrat- 
ing water, a peculiar appearance of swelling (w y). (Copied from 
Sachs. ) 


taken as examples of the cells which compose the succulent parts of 


plants such as the cortex of stems and of roots, and fruits. 


Other 


cells, as for instance those of wood and cork, pass beyond this stage 
and become still further modified ; the cell-sap and protoplasm dis- 
appear so that at last only air or water is contained within their walls. 
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But whilst cells of the former class, furnished with protoplasm, are 
capable of carrying on osmotic and chemical processes, and, under 
certain conditions, of giving rise to new cells, that is to say in short, 
of living, mature wood-cells, devoid of protoplasm, are no longer 
capable of performing these functions; they are of use only in virtue 
of the firmness and other physical properties of their walls. Hence 
the protoplasm is to 
be regarded as the 
living body of the 
cell. Indeed, there 
are cells which, when 
first formed, consist 
only of naked pro- 
toplasm, and they 
occur precisely in 
connexion with the 
most important vital 
function of the or- 
ganism—that of re- 
production. Such 
cells are termed pri- 
mordial cells (Fig. 
37 B). They sub- 
sequently become 
surrounded by a 
membrane which is 
secreted by the pro- 
toplasm. From this 
it appears that the 
cell-wall, as well as 


Fic. 23.—Various forms of cells. 4 The end of a bast-fibre, the cell-sap, isa pro- 
with strongly thickened pitted walls (longitudinal section x300). duct of the vital 
B Wood-cells from the root of the Cucumber (x 300), surface- ° 
view and section. C Part of vessel with bordered pits from the activity of the Mb 
stem of Heliunthus tuberosus (x 300) cut open at the top. Ata toplasm. It has been 


and 6 the remains of the absorbed septa are visible. 
attempted to express 


the essential characters of the cell by describing it as a living mass of 
protoplasm which usually surrounds itself with a firm membrane, 
and takes up fluid into itself. 

Various as the internal arrangements of the cell may be, its size and 
form may vary quite as widely. While some cells are so small that little 
more than their outline can be discerned with the help of the strongest 
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magnifying power (about 0°001 of a millimetre in diameter), others 
attain a considerable size (from 0°1 to 0°5 millimetre), so as to be dis- 
tinguishable even by the naked eye (for example, in the pith of the 
Dahlia, Impatiens, and Elder (Sambucus)). Many grow to a length 
of several centimetres, as the hairs upon the seed of Gossypuim 
(cotton) ; others finally, as in some Alge, where the whole individual 
consists of a single cell, attain still larger dimensions. 

The Form of such cells as constitute an entire individual is often 
nearly spherical, or ovoid, or tubular; but they may also exhibit a 
highly complex conformation, in consequence of the assumption of 
quite different forms by the various outgrowths of one and the same 
cell. ‘The various organs of highly organised plants consist of very 
different cells, and even in the same organ cells lie side by side which 
are of very different form, and which are filled with different 
contents, for diverse functions have to be performed by a single organ. 
The cells in such a case are sometimes spherical or polyhedral, with 
nearly equal or slightly differing diameters (Fig. 22 C, as in pith, in 
juicy fruits, and in fleshy tubers, as the potato) ; sometimes greatly 
elongated and at the same time excessively narrow (Fig. 23 A and B), 
as in wood, in bast-fibres (Flax), in many hairs (Cotton). Longitu- 
dinal rows of cells frequently combine to form a special organ by the 
absorption of the transverse septa which separate their cavities (Fig. 
23 C). Itis thus that Vessels, as they are called, are formed. See § 22. 

§ 12. The Cell-wall consists of cellulose, water, and inorganic 
constituents. It originates and grows in consequence of the secretion 
of these substances by the protoplasm. The growth of the cell-wall 
takes place both in extent and in thickness; it is effected by the 
intercalation of additional particles of solid matter between those 
already existing in the membrane.” 

By its superficial growth the surface of the membrane, and conse- 
quently the whole volume of the cell, is increased ; so much so that 
the volume of the cell not unfrequently becomes a hundred-fold 
greater. Thus, for instance, in a leaf enclosed in a leaf-bud, the cells, 
of which it will consist when mature, all exist already, and it is by their 
simultaneous increase in volume that the leaf attains its ultimate size. 


* This mode of growth by intercalation of solid substance between the existing 
particles is known as intussusception, and is essentially different from apposition, 
that is to say, the deposition of new particles upon the surface of the growing 
body, as in crystals. This phenomenon is closely connected with the idea that 
in the vell-wall, as in starch granules and other organised bodies, the solid par- 
ticles must be conceived of as being surrounded on all sides by water. 
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In the rare cases, in which the superficial growth is equally great at 
all points, the cell preserves its original form, but usually the cell-wall 
grows more vigorously in certain parts than in others; thus, for 
instance, a primarily spherical cell may become 
cubical, tabular, cylindrical, tubular, fusiform, 
and so forth. 

The growth in thickness of the cell-wall is 
also rarely uniform; the cell-wall commonly 
becomes more thickened at some points than 

; _ at others, and thus acquires inequalities of 

Fic. 24.—Ripe pollen-grain 2 
of Cichorium Intybus; the al- Surface. In the case of isolated cells or of 
most spherical surface of the free cell-walls, the prominences existing in this 
cell-wall is furnished with , 
ridge-like projections prolong- Way on the external surface appear as warts, 
ed into spines, and forminga tubercles, knots, &c. (Fig 24). Cells that are 
act eset eae united to form tissues have their inequalities 
on the internal surface of the cell-wall; the prominences sometimes 
have a definite form and project into the interior of the cell; such are 
the annular (Fig. 25 r) and spiral thickenings (Fig. 25 s) of the walls 


Fic. 26.—A cell with Fic. 27.—Transverse section 

pitted walls from the of a bast-cell from the root of 

wood of the Elder (Sam- Dahlia variabilis (x 800); Ll 

bucus). A longitudinal the cell-cavity ; K pit-chan- 

section showing the pits nels which penetrate the 

in the lateral walls as stratification ; sp a crack by 

Fic. 25.—r Annular, s channels, a; and in the which an inner system of 

spiral thickening of the farther wall as roundish layers has become separated. 
walls of vessels; 7 seen spots, b. x 240. (Copied from Sachs.) 


from outside, s in longitu- 
dinal section highly magni- 
fied (diagrammatic), 


of certain vessels; in the so-called reticulated cell-walls, the thicken- 
ing is in bands, which are united into a network, so that circular or 
oval thin spaces are left. In other cases, solitary and relatively small 
thin spaces are left in the wall in the course of the growth in thickness, 
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which appear, when seen on the external surface, as bright spots, 
commonly called pits, and are seen in section to be canals of greater 
or less length, according to the relative thickness of the walls (Figs. 26 
and 27). Very frequently the pit, when seen from the surface, pre- 
sents the appearance of two concentric circles (Fig. 23 C); for this 
reason, that the opening of the canal into the interior of the cell is 
narrow, whereas the external opening is broad. Such bordered pits 
occur in the wood-cells of Conifers (Fig. 42); in the walls of many 
vessels (Fig. 23 C); and elsewhere (Fig. 41). The scalariform 
thickening of the walls of many vessels arises from the regular and close 
arrangement of bordered pits which are much elongated transversely. 
_ The cell-wall shows indications, in many cases very plainly, of an 

intimate structure which depends upon the regular alternation of more 
and less watery layers; this displays itself in transverse and in longi- 
tudinal section as concentric stratification (Fig. 27), and on the surface 
as striation. 

Thin cell-walls generally consist, as regards organic substance, en- 
tirely of cellulose, which assumes a blue tint on the addition of iodine 
and sulphuric acid. In thickened walls it frequently happens that 
certain parts, composed of successive layers, consist of modified cellu- 
lose. ‘The principal modifications are the following : 

(1.) The cellulose may be converted into cork (cuticularised). The 
euticularised cell-wall is extensible, highly elastic, almost impermeable 
to water ; it turns yellow when treated with iodine and sulphuric acid 
(examples, the cells of the epidermis and of cork, pollen-grains, spores). 

(2.) The cellulose may be converted into lignin. The ligneous cell- 
wall is hard, inelastic, it is easily penetrated by water, but it does not 
absorb much ; it turns yellow when treated with iodine and sulphuric 
acid (examples, wood-cells). 

(3.) The cellulose may be converted into mucilage. The mucilagi- 
nous cell-wall is, in its dry state, hard or horny ; it can absorb a great 
quantity of water, and at the same time it increases greatly in volume, 
becoming gelatinous ; it usually turns blue with iodine and sulphuric 
acid (examples, linseed and quince mucilage). 

These modifications may occur either singly or together in the 
different layers of one cell-wall. 

Mineral matters are also frequently deposited during growth in 
considerable quantity in the cell-wall, particularly salts of lime and 
silica ; they are usually intercalated between the solid organic particles 
of the cell-wall so that they cannot be directly detected, but remain 
after burning as a skeleton which retains the form of the cell (ex- 
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amples, Silica in the stems of Grasses and of Equisetaceze). Calcium 
carbonate sometimes occurs in a crystallised form (as in the epidermis 
of the Urticee), and calcium oxalate also in well-defined crystals 
(§ 18, Fig. 34). 

.§ 13. The Protoplasm consists principally of albuminous 
substances (proteids), water, and a small proportion of ash constitu- 
ents. As it is the seat of all the vital phenomena and nutritive processes 
of the cell, it must obviously contain within itself at different times 
all the other chemical constituents of the organism. Sometimes it 
appears homogeneous and transparent, but it is generally more or less 
granular in consequence of the presence of drops of oil, of sturch 
grains, &e. It is of a tenacious consistence, sometimes firm, some-_ 
times almost fluid, but it is never a true fluid. When the protoplasm 
encloses granules, an outer layer free from granules can be detected, 
which is frequently very thin ; this is called the ectoplasm. Frequently 
a part of the water which saturates it collects to form vacuoles ; when 
these coalesce and the cell-sap fills the greater part of the cavity of 

the cells (Fig. 22 C's), the protoplasm forms merely a layer within the 
-cell-wall, which has been termed the primordial utricle. Living pro- 
toplasm will neither absorb colouring matter dissolved in water, nor 
allow its passage, but dead protoplasm has no power to hinder its 
diffusion, and even takes it up in considerable quantity. 

The nucleus, on account of its constitution and position, is essentially 
a part of the protoplasm; it is wanting only in certain groups of 
lower plants (often in Fungi and in some Alge). It contains one 
or more much smaller bodies called nucleoli (Fig. 22 A k k). 

The movements of the protoplasm are among the most remarkable 
of phenomena. In many cells currents may be perceived which flow 
from the nucleus outwards, towards the peripheral protoplasmic layer 
(Circulation); or the whole peripheral layer of protoplasm is in rapid 
movement along the walls of the cell (Rotation). Naked primordial 
cells, as for instance swarm-spores and antherozoids, swim about in 
the water in which they live, rotating at the same time on their own 
axes. The so-called plasmodia of Myxomycetes exhibit an amceboid’ 
movement; that is, the naked mass of protoplasm continually changes’ 
its outline, new protrusions are thrown out from the central mass 
whilst others are withdrawn, and it thus moves slowly from place to 
place; at the same time a rapid motion of the granules within the 
mass 18 going on. 

§ 14. Crystalloids. Sometimes a part of the protoplasmic 
substance assumes a crystalline form: bodies are formed which are 


§§ 14-15. ] CHAPTER I.—THE CELL. 31 


bounded by plane surfaces and which have an angular outline, bearing 
a very close resemblance to certain crystals, for the most part cubical, 


Fre. 28.—Cells from the endosperm of 
Ricinus communis (xX 800). A fresh, in 
thick glycerine, B in dilute glycerine, C 
warmed in glycerine, D after treatment 
with alcohol and iodine; the aleurone- 
grains have been destroyed by sulphuric 
acid, the albuminoid remaining behind as 


Fic. 29.—Cells of a very thin section through 
a cotyledon of the embryo in a ripe seed of Pisum 
sativum ; the large concentrically stratified grains 
St are starch-grains (cut through) ; the small gra- 
a net-work. In the aleurone-grains the pyles @ are aleurone, consisting principally of 
globoid may be recognised, and in (BC) legumine with a little oily matter; i the inter 
the crystalloid. cellular spaces. 


octahedral, tetrahedral, or rhomboidal (Fig. 28); but they are 
essentially different from true crystals, inasmuch as they are 
capable of swelling-up; that is to say, of increasing considerably in 
volume when treated with various reagents. Such crystalloids 
occur, for instance, in the tuber of the Potato, in oily seeds, in red 
marine Algz, &c. 
' § 15. Aleurone-grains. In oily seeds, the protoplasm is 
aggregated into spherical granules of various sizes, which lie in a 
matrix of albuminous and fatty matter. These are the Proteid- or 
Aleurone-grains. These granules consist of albuminous substances, 
and almost always enclose other bodies (Fig. 28 C); these are the 
above-mentioned crystalloids, and peculiar small round bodies, the 
globoids, which consist of double phosphate of lme and magnesia. 
These bodies may occur separately or together, according to the kind 
of plant. In seeds which are rich in starch, the spaces between 
the Jarge starch-grains are filled with similar but much smaller 
granules (Fig. 29). 

§ 16. Chlorophyll-corpuscles. The green colour of most 
parts of plants is produced by the presence of green granules, called 
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Chlorophyll-corpuscles, in certain cells (Fig. 30). These are composed 


of a colourless ground-substance, throughout which a small quantity 
of a green colouring matter called Chlorophyll is distributed. If this 
colouring-matter be extracted by a solvent, such as alcohol, the 
colourless corpuscle _ re- 
mains unaltered in size 
and form. The corpuscles 
are always imbedded in 
protoplasm, and _ their 
ground-substance is only 
a specialised portion of the 
protoplasm. The corpus- 
cles do not always occur 
in the form of granules ; 
in some of the lower Alge 


plasm, with the exception 
of the ectoplasm, is co- 
loured green; in others 
the coloured part of the 
protoplasm assumes a 
stellate form (Fig. 76 A), 
or it exists in plates (Fig. 


Fic. 30.—Chlorophyll-corpuscles in the protoplasm of ‘ 
vhe cells of the prothallium of a Fern. A Optical section 76 B C) or spiral bands 


of the cells, B part of a cell seen from the surface. (Fig. 40 cl), These green- 
Some of the grains have begun to divide. coloured p ortions of the 
protoplasm are all included under the general term, chlorophyll-cor- 
puscles. Under the influence of sun-light starch-grains are formed 
in the interior of these chlorophyll-corpuscles, which often grow so 
large that the substance of the chlorophyll corpusele is only discernible 
as an extremely delicate layer covering the contents (Fig. 31). The 
ultimate fate of the chlorophyll-corpuscles is to be absorbed, as 
happens, for instance, in the cells of leaves before they fall, and 
nothing then remains but small yellow granules. 

The green colouring-matter, the chlorophyll, is mixed, in many 
families of Alge, with other colouring-matters, and the coloured 
protoplasm appears bluish-green, olive-green, dull yellow, or red. 
Occasionally the chlorophyll itself undergoes modification and becomes 
red or yellow, and the form of the corpuscle changes at the same 
time, as in the ripening of many fruits, which are at first green and 
then become yellow or red; e.g., the Tomato ( Lycopersicum esculentum ). 


the whole of the proto-— 
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Closely related to the chlorophyll-corpuscles are those protoplasmic 
_ bodies which are tinged with a yellow colouring-matter, and cause the 
yellow colour of many flowers, e.g., 
the Dandelion Taraxacum officinalis. 

In many cases the green colour of 
different parts of plants is disguised 
by the presence of other colouring- 
matters which are in solution in the 
cell-sap, as in the leaves of Amaran- 
thus and of the Virginian Creeper at 
the end of the summer. 

§ 17. Starch-grains are small 
hard granules, usually round, oval, or 


Fic. 31.—Separate Chlorophyll-corpuscles 
with starchy contents from the leaf of 
lenticular, consisting of starch, water, Furaria hygrometrica (650). a A young 
corpuscle, 6 an older one, b’ and b’ have 
begun to divide, c d e old corpuscles in 
tible ash, which occur in certain cells which the starchy contents fill almost 


and a small proportion of incombus- 
of almost all plants, Tho tubers of SHolesmes /and gates mewaton 
the Potato, the seeds of cereal and corpuscle has been destroyed and only 
: 1 : the starchy contents remain (after Sachs) 
of leguminous plants are especially 
rich in them. They can be extracted by maceration from the organs 
in which they occur, and then appear to the naked eye as a white 
powder, which is known as Starch. Starch belongs, like Cellulose, to 
the carbo-hydrates. It may be easily shown that each grain consists 
of two substances, of which the one, Granulose, can be extracted by 
saliva or by dilute acids, while the other, Starch-cellulose, remains as 
the skeleton of the grain. The former turns blue with iodine alone, the 
latter only after treatment with strong sulphuric acid. When boiled 
with water or when treated with potash, the grains swell enormously 
and form a paste. The substance of the starch grains is always 
disposed in layers round a centre, the hilum, and this disposition 
in layers, as in the case of cell-walls, is the result of the regular 
alternation of dense layers with more watery layers. The hilum is 
the most watery portion of the whole grain. From their first appear- 
ance the starch grains are firm, solid bodies. So long as they continue 
to grow, they are always imbedded in the protoplasm of the cell; it 
is only at a later stage that they lie free in the cavity of the cell. 
Their growth does not proceed by the deposition of new layers upon 
the exterior, but by the intercalation of new particles of solid matter 
between those which already exist. Besides the simple grains (Fig. 
32 A), compound grains occur, which are formed by the development 
of new hila in an ordinary grain, each with its own system of layers 


3 
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(Fig. 32 D). If, in such a case, the external layers which enclose 
the whole mass are of considerable thickness, the grain is said to be 
semi-compound (Fig. 32 B). By pressure the compound grains may 
be split up into their component 
granules. The so-called spu- 
riously-compound grains are 
very similar to these; they 
consist of several grains which 
have become adherent in conse- 
quence of mutual pressure ; 
they occur frequently in chlo- 
rophyll-corpuscles (Fig. 31). 
Starch-grains are formed in 
plants to be subsequently con- 
sumed in the processes of growth 
and of nutrition; they are fre- 
quently stored for a long time 
in certain organs, as in seeds, 
roots, and tubers, and when 
they are required for consump- 
tion on germination or on a 
renewal of the growth of the 
plant, they are redissolved. 


lia, 32.—Starch-grains from the tuber of a The forms of the starch-grains 
Potato (x 800). A An older simple grain; Ba 
partially compound grain; C@ D perfectly com- 
pound grains; # an older grain, the hilum of kinds of plants; thus those of 
whith as dvded: © vary somng ein” ® dhe Potato (Rig. 82) are eeven- 
hilum (copied from Sachs). trically oval, those of leguminous 
plants (Fig. 29) concentrically oval, those of Rye, Wheat, and Barley 
lenticular. - 

§ 18. Crystals are frequently found in the cells of plants; they 
sometimes consist of calcium carbonate, for example, the crystals in 
the protoplasm of Myxomycetes and the crystalline deposit in the 
cell-walls of certain Urticee. In these plants there is generally a 
peculiar club-shaped ingrowth of the cell-wall of certain cells which 
projects into the interior of the cell, in which the calcium carbonate 
is deposited: these are called Cystoliths. All the other crystals 
hitherto recognised consist of calcium oxalate, which crystallises in 
two systems according to the proportion of water which it contains ; 
to the one system, the quadratic, belong the octahedra (Fig. 33 k), to 
the other, the clinorhombic, belong the acicular crystals, which are 
called Faphides, and which occur, united into large bundles 


are characteristic in different 
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particularly in Monocotyledons. Besides well-formed solitary crystals, 
aggregations of them also frequently occur. ‘These crystals are found 
in the protoplasm, from which they subsequently find their way into 
the cell-sap (Fig. 33), as well as in the cell-wall, particularly in the 


Fic. 34.—Crystals of cal- 
cium oxalate in the wall of 
the bast-cells of Cephalo- 
taxus Fortunet (x 600, after 
Solms). 


Fia. 33.—Crystals of calcium oxalate in the cells of the petiole of a Begonia(x 200). & Solitary 
crystals ; dr cluster. 


wood of Conifers (Fig. 34); and also, in Lichens, on the free outer 
surface of the cell-wall. 

§ 19. The cell-sap saturates the cell-wall, the protoplasm, and 
the whole organic structure of the cell; it usually also collects in the 
interior of the protoplasm so as to form vacuoles or a single large 
sap-cavity. It is a watery solution of various substances: salts are 
never absent from it; in certain cells of many plants (as the Sugar- 
cane, the Maple, and the Beet-root) it contains large quantities of 
cane-sugar, which can be extracted from it by a refining process; in 
the cells of many kinds of fruits,'as the grape and others, it contains 
grape-sugar. Besides these substances, tannin and inulin occur, as 
well as acids, such as malic acid in the apple and other fruits, citric 
acid, in lemons, &c. It also contains the colouring-matters of most red 
and blue flowers (Erythrophyll and Anthocyanin), and of many fruits, 
as the cherry and elder berry, with many other matters. 

§ 20. The Development of Cells always takes place in such 
wise that the whole or part of the protoplasm of a cell already exist- 
ing, the mother-cell, undergoes re-arrangement. There are two principal 
modes of cell-formation : 

IL. In growing vegetative organs, a division of the cell takes place, such 
that the whole of its protoplasm, without any rounding-off or contrac- 
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tion, is divided into two parts, two closely-apposed nuclei make 


Fic. 35.—Cell-division in the cortex 
of the growing stem of Vicia Faba 
(x 300). At a the division has just 
taken place, the nucleus & still adheres 
to the new wall; at b it has retreated 
to the older wall. 


their appearance in place of the one 
which previously existed, and a new 
membrane is formed between the two 
masses of protoplasm only along the 
plane of division (Fig. 35). This mem- 
brane is usually formed simultaneously 
at all points of the plane of division ; 
it is only in certain low-forms of Alge, 
e.g., Spirogyra, that it grows in as a 
ring from without inwards. 

II. The formation of the cells which 
subserve reproduction (see § 55) is 
always accompanied by a rounding-off, 
which takes place either before or during 
the formation of the new wall. This 
wall is always formed over the whole 
surface of the young cells, though this 
often occurs somewhat late. 

(1.) The whole mass of the proto- 
plasm contained in the mother-cell may 


Fic. 37.—Rejuvenescence as 
exhibited in the formation of 
the swarm-spores of (Midogo- 


Fic. 36.—Division of the Mother-cells of the pollen- nium. A Portion of a filament; 
grains of Althea rosea. At A and B the parting of the in the lower cell the protoplasm 
plasm into four has begun; in D the growth of the is beginning to contract, in the 
membrane is far advanced, and in £ it is complete upper, the young primordial 


(after Sachs). 


cellis escaping /(Z). BAswarm 
spore. C The beginning of ger- 
mination ( x 350). 


break up into a great number of smaller masses, as in the formation 
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of the swarm-spores of many Algz and Fungi (Fig. 38); in this case 
the primordial cells escape from the mother-cell, and it is some time 
before they are clothed with a membrane. 


(x 550). A Still closed. B Allowing 
the zoogonidia to escape, beneath it a Fic. 39.—Free cell-formation in the asci of 
lateral shootc; a the zoogonidia just Peziza converula. a f Successive steps in the 
escaped ; 6 the abandoned membranes’ development of the asci and spores (after Sachs, 
of the zoogonidia which havealready x 550). 

swarmed ;e swarming zoogonidia (copied 

from Sachs). 


(2.) The whole protoplasmic contents of the mother-cell may become 
aggregated around four newly-formed nuclei; this process occurs prin- 
cipally in the formation of the pollen of phanerogamous plants 
(Fig. 36), and in the formation of the spores of Mosses and Vascular 
Cryptogams. 

(3.) The whole protoplasm of the mother-cell may undergo reju- 
venescence, when it contracts and reconstitutes itself as the new 
protoplasmic body of a daughter-cell, which subsequently surrounds 
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itself with a new membrane. It is in this manner that the single 


swarm-spores of many Algze are formed, as in Vaucheria, Stigeoclo- _ 


nium, (Edogonium (Fig. 37), as well as the oospheres of Cryptogams. 

(4.) In free cell-formation certain portions of the protoplasm of the 
mother-cell constitute new cells and acquire a membrane, whilst the 
remainder persists as the protoplasm of the mother-cell, which con- 


tinues to live, e.g. ; the formation of the spores in the asci of Fungi 


(Fig. 39) and Lichens, of the endosperm, and of the germinal vesicle 
(oosphere) of phanerogamous plants. 

(5.) In conjugation the. protoplasmic contents of two or more cells 
coalesce to form a new cell, which acquires a membrane: this is called 
a Zygospore. ‘This process occurs in a typical manner in various 
groups of Algz, e.g., Spirogyra (Fig. 40), and of Fungi. 


Fic. 40.—Conjugation of the cells of Spirogyra (x 400). A The cells of two filaments 
which are prepared for conjugation. At a the filaments have begun to swell towards each 
other. The spiral bands of chlorophyll are recognisable at cl, and the nucleus at K. At B the 
protoplasmic contents of the cell p is fusing itself with that of the other p’, At Cis a per- 
fectly-formed Zygospore. Z. 


The formation of new cells does not therefore necessarily imply an 
increase in number ; this is the case only when division into two, four 
or many cells, or free cell-formation occurs; in the process of reju- 


venescence the number is unaltered, and in conjugation it is actually 


diminished. 


CHAPTER IL 


THE TISSUES. 


§ 21. Those combinations of cells are designated Tissues which 
are governed by a common law of growth. According to their 
arrangement in space, the following combinations of cells may be 
distinguished : 

A. Filaments, where the cells are connected only by their contiguous 
ends, and so form a filament, e.g., many Alge, as Spirogyra (Fig. 40), 
(Edogonium (Fig. 37), and many hairs (Fig. 62 a d). 


em | 
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B. Surfaces, when the cells form a single layer and are in contact 
in two directions of space (length and breadth), e.g., many Alge and 
the leaves of many Mosses. 


C. Masses, when the cells are in contact on all sides. 


The tissues commonly consist of cells which have originated from 
common mother-cells by their repeated division into two, and which 
have been connected from the first in consequence of the mode of 
formation of the septa (Fig. 35). In a few special cases tissues are 
formed otherwise (spurious tissues); either cells which have been 
hitherto isolated become adherent and then continue their growth in 
common, or filaments consisting of rows of cells become interwoven 
and exhibit a common growth, without however having become 
adherent in every case (Fig. 39 sh). 


§ 22. The Common Wall of cells combined into a tissue is, 
in the first instance, usually extremely thin and delicate, and appears 
under the strongest magnifying power as a simple plate (Fig. 35). 
As it increases in thickness a middle lamella usually becomes visible 
(Fig. 41), which divides the wall into two parts, one of which appa- 
rently belongs to each of the contiguous cells. This middle lamella 
is nothing more than a specially differentiated part of the wall which 
belongs to both of the cells in common. Its chemical composition, 
which is different to that of the re- 


mainder of the wall, permits of its Cy, | ay) 
solution (in nitric acid and chlorate of yy igs 


potash), so that theindividual cells may IN 
be separated. When the common wall ‘ 
of similar cells is pitted, the pits on ania 


mT 


f 


each side accurately meet (Fig. 41 ¢) ; 


if, however, certain cells of a tissue te 

undergo a special modification, as in 

the vessels, the unequal thickening of aan 
the membrane is confined to one side Sully aes 


only of the common wall ; in the case Fia. 41.—Middle lamella (m) of a trans- 
verse section of the cortical cells of 


of spiral thickening of the cell-well Trichomanes speciosum (x 500). ié'The 

this is self-evident. cell-wall adjoining the lamella; J cell 
The bordered pits, which are cha- sajoining calls; the pits on ench side are 

racteristic of the wood-cells of Conifers, divided by the middle lamella. 

demand special description. The 

membrane which separates the cavities of the pits does not lie in the 


centre as a continuation of the cell-wall, but inclines to one side or 
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the other, and lies over one of the canals (Fig. 42 Bs): there is 
thus a lenticular cavity in the wall which opens freely into one of the 
two cells, but is shut off from the other : the 
membrane is so delicate that its presence 
may easily be overlooked. The formation of 
a bordered-pit is effected by the thickening of 
the cell-wall round a small area which 
remains thin (the persistent membrane), the 
middle lamella being prolonged so as to 
surround the cavity of the pit (Fig. 42 Bm). 

In certain cases the septa between the 
cavities of adjacent cells become wholly or 
partly absorbed, as, for instance, occasionally 
¢ the thin partition between bordered pits ; 

Fig. 42,—Bordered pits onthe the transverse walls of such cells as combine 
woody fibres of the Pine: 4 to form the vessels are wholly absorbed, if 
RAR GN a laa ore they lie at a right angle to the long axis of 
brane ; m the middle lamella; the vessel (Fig. 23 C a b); if they le 
. mia ideale Hf Se obliquely, they are broken through in various 
diagram). ways. In a similar manner the transverse 

septa (and more rarely isolated areas on the 
longitudinal wall also) of the Sieve-tubes (§ 25, Fig. 47 B) are per- 
forated by closely-set and very fine open pits, and are then known as 
Sieve-plates. 

The thin part of the wall which separates the pit of a vessel from 
a contiguous living cell may frequently recommence its growth, and 
protrude into the cavity of the vessel. Cells which thus grow into 
neighbouring vessels are termed Tiillen: they may subsequently 
undergo division so as to fill up the whole vessel. They occur com- 
monly in wood. 

Such cavities as have thus originated by the absorption of cell-walls 
and the consequent coalescence of two cells, and which continue to be 
surrounded by the walls of the original cells, are commonly called 
cell-fusions. They are usually tubular, and are formed by the absorp- — 
tion of the transverse septa throughout whole rows of cells. They’ 
are not unfrequently branched, and they may anastomose. The true 
vessels of plants, as well as the laticiferous vessels, are examples of 
cell-fusions. 


§ 23. Intercellular Spaces are lacune between the cells of a 
tissue. They may be formed in two ways, either by a splitting of 
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the common wall of adjacent cells, or by the disorganisation of 

certain cells, They contain either air or certain peculiar substances, 

spaces which contain ay 

air are usually formed See 

: \ 

in consequence of the “\/ 

splitting of the com- e.4 

mon wall of adjacent \/ : 

cells (Fig. 432). They Al 

oa leg the W [ 
in-walled cells of gu < 

succulent parenchyma, z Cae 

and usually at the UY 

angles of junction of Fic. 43.—Intercellular spaces (z) between cells from thé 

a number of cells. stem of Zea Mais (x 550); gw the common wall (after Sachs). 

—then called air-chambers—attain a considerable size, so that whole 

masses of tissue are separated from each other, as in the petioles of 

the Water Lily and of other aquatic plants. The cells which border 

upon these cavities often throw out protuberances into them (also in 

Aspidium) which are known as “ internal hairs ”. 

allied plants, are produced by the disorganisation (i.e., the drying-up 

and rupture) of considerable masses of cells: this is true also with 

reference to the cavities extending through whole internodes of many 

herbaceous stems (Grasses, Umbelliferee, Equisetacez), and those 

occurring in leaves (Leek). | 

will be treated of in § 28. 

§ 24. Forms and Systems of Tissue. There are usually 
in plants numerous similar cells which differ from those that surround 
them, and which are combined so as to constitute a distinct form of 
tissue, characterised by those properties which the cells possess in 
two forms of tissue may be distinguished: parenchyma (Figs. 22, 
29, 33, 43), in which the cells are not much longer than they are 
broad, the surfaces along which they are in contact being rela- 
tively broad; prosenchyma (Fig. 44 and section Fig. 41), in which 
the cells are much longer than they are wide, and their ends overlap. 


The intercellular 
occur almost exclu- YA\ 
Sometimes these spaces 
The large cavities in the stems and leaves of Juncus and of other 
The intercellular spaces which contain certain peculiar Wictances 
common. According to the form and relative position of the cells, 
When the walls of the cells are much thickened, the tissue is called 


42 PART Il.—THE ANATOMY OF PLANTS. [§ 24. 


Sclerenchyma ; this may be either parenchymatous or prosenchymatous, 


according to the form of the cells. 


When all the cells of a tissue 


have ceased to divide and have assumed their definite form, it is called 
permanent tissue. A tissue in which, on the contrary, the cells are 
still dividing, that is, that certain daughter- 
cells continue to divide and _ subdivide 
whilst the others are being converted into 


permanent tissue, is called a generating 
tissue or Meristem. The enumeration here 


HV given only includes the most important 
\ forms of tissue; many other technical 


terms will be made use of in describing 


| the tissues, as circumstances may require. 


When several different tissues occur in 
Fic. 44.—-Prosenchymatous one plant, as in vascular plants in general, 


tissue, longitudinal section (dia- 


gram, magnified), the pointea they are arranged into systems of tissues 
ends of the elongated cells fit in which then compose the whole plant ; their 

arrangement bears a definite relation to the 
member of the plant in which they occur. Three such systems of 
tissues are usually met with: (1) the epidermal, which covers the 


between each other. 
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Fic. 45.—The three systems of tissue in a 
cross section of the petiole of Helleborus (x 20). 
e epidermis; g fundamental tissue; f fibro- 
vascular system ; x xylem ; ¢ soft-bast; b bast- 
fibres. 


exterior of the plant, and usually 
consists of a single layer of cells 


(Fig. 45 c) ; (2) the fibro-vascular 


(Fig. 45 f), which traverses the 
body of the plant in the form of 
bundles, and is characterised by 
the presence of sieve-tubes, vessels 
and of fibrous prosenchymatous 
cells; and (3) the fundamentai 
tissue, which fills up the rest of 
the space (Fig. 45 g), and consists 
principally of parenchyma. 


The same form of tissue may 
occur in various tissue-systems : 
thus both parenchyma and _ pro- 
senchyma occur in all three tissue- 
systems, and there is no difficulty 
in recognising to which one they 


belong in each case. Certain tissues and peculiar cells—for instance, 
such as serve as receptacles for various substances, secretions, &c.— 


— 
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when they occur in the two internal tissue-systems, have so much in 
common that it may be expedient to consider them by themselves. 

In very young organs, such as the apices of stems and roots, the 
forms and systems of tissue are not sharply defined: the cells of the 
tissue, which is more or less homogeneous, are capable of undergoing 
division, and it is therefore called primary meristem. In this the 
three tissue-systems are subsequently differentiated. 

§ 25. The Fibrovascular System extends throughout the 
body of the higher plants in the form of strands or bands of tissue 
which are called fibro-vascular bundles. When the cells which com- 
pose them are lignified, and are harder than those of the fundamental 
tissue, as is usually the case, they may be easily separated from it ; 
for instance, if the leaf-stalk of the Plantain (Plantayo major) be 
broken across, the bundles project as tolerably thick threads from 
the fundamental tissue, and by the decay of this tissue they may be 
wholly freed from it. They form the venation of leaves, and when the 
leaves decay, they persist as a skeleton. In many water-plants, how- 
ever, the tissue of the fibro-vascular bundles is softer than the surround- 
ing tissues. In many cases the fibro-vascular bundles are so closely 
packed, and they become so strongly developed in consequence of the 
continued increase of their tissue, that very little of the fundamental 
tissue remains in the compact mass which they form. The wood of 
trees, including the bast, is an instance of such a fibro-vascular mass. 

The arrangement and course of the fibro-vascular bundles are inti- 
mately connected with the morphology of the plant, and with the 
differentiation of its members. In most leaves the fibro-vascular 
bundles lie in those projections of tissue which are known as veins. 
In the petiole and stem, and generally in all organs which grow 
especially in length, the fibro-vascular bundles run longitudinally ¢ 
thus a transverse section of a stem or petiole (Fig. 45) exhibits sec- 
tions of its fibro-vascular bundles. The bundles of the leaf and 
stem are so closely connected that even at the first development of 
the leaf at the apex of the stem, the upper end of each bundle bends 
outwards into a leaf, while the lower portion is continued downwards 
into the stem and coalesces with older bundles. Thus the fibro- 
vascular bundles traversing the stem may be regarded as being merely 
the lower portions of those which come from the leaves—as leaf-traces, 
and the whole bundle is said to be common (i.e., to both leaf and stem). 
The course of these bundles in the stem is very various; it may 
in general be referred to one of three types, which are, however, con- 
nected by intermediate forms : 
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[§ 25. 


(1.) The bundles coming from the leaves unite and form a single 
axial bundle, which runs down into the stem (this type occurs but 
rarely, in certain water plants and a few Ferns). 

(2.) The bundles coming from each leaf are numerous: on entering 


B 


Fic. 46.—Diagram of the course of the fibro-vascular 


bundles in stems. A Longitudinal section through the 
axis of a Palm-stem, showing a transverse section of half 
of it. The leaves (cut off above the insertion) are hypothe- 
tically conceived of as distichous and amplexicaul, and so 
are seen on both sides of the stem, m1 m2 m3 being the median 
line of each. B Outside view and transverse section of 
Cerastium (hypothetically transparent to show the internal 
bundles). The decussate leaves are cut off. The bundle 
proceeding from each leaf divides into two above the leaf 
immediately below it, and the branches of all the bundles 
unite to form the four thin bundles which alternate in the 
section with the thicker ones. In the section, m is the 
pith, + the cortex, v the medullary ray. The xylem in the 
fibro-vascular bundles is indicated by shading. 


the stem side by side, 
they tend towards the 
middle of the stem; 
then they bend outwards 
and thin out gradually 
as they descend, coales- 
cing at a point much 
lower down (Fig. 46 A). 
In the transverse section 
of such a stem, the 
fibro- vascular bundles 
appear irregularly ar- 
ranged; those nearest 
the centre are the thick- 
est. This arrangement 
prevails among the 
Monocotyledons, _ parti- 
cularly the Palms. 

(3.) The bundles of 
each leaf, which are less 
numerous than in the 
foregoing type, bend 
downwards soon after 
they have entered the 
stem, and run down the 
stem parallel to each 
other at about an equal 
distance from the axis, 
branching and anasto- 
mosing particularly at 
the nodes (Fig. 46 B). 
The transverse section 


of such a stem exhibits the bundles arranged in a circle more or less 
nearly concentric with the circumference, and dividing the fundamental 
tissue into two portions ; the inner, included within the circle of fibro- 


vascular bundles, is the pith or medulla (Fig. 


46 Bm), and the outer, 


lying between this circle and the epidermis, the cortex (Fig. 46 Br). 
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Those portions of the fundamental tissue which lie between the fibro- 
vascular bundles in the circle, and which therefore connect the pith 
and the cortex, are called the medullary rays. This arrangement 
occurs principally in Dicotyledons and Gymnosperms. 

Bundles which belong exclusively to the stem, termed cazline 
bundles, occur in comparatively few plants ; they are such bundles as 
cannot be regarded as direct prolongations of those of the leaves. 

Roots differ so widely from stems and leaves in the structure and 
arrangement of their fibro-vascular bundles, that the consideration of 
them must be postponed for the present. 

A well-developed fibro-vascular bundle consists of two kinds of 
permanent tissue: the Xylem or Wood and the Phloém or Bast. 
Excepting when special circumstances give rise to other conditions, 
the walls of the wood-cells tend to become lignified and their cavities 
to be filled with air: these cells constitute the firm but brittle portion 
of the bundle. In the phloém there is a tendency to the formation 
of softer and more flexible cell-walls, which are but slightly lignified, 
and the cells retain their sap. Those fibro-vascular bundles which 
consist only of these two forms of tissue are incapable of any further 
growth, and are said to be closed, whereas those which possess in 
addition a layer of generating-tissue (meristem), the Cambium, through- 
out their whole length, which, by the active growth and division of 
its cells, increases the bulk of the xylem and of the phloem between 
which it lies, are said to be open. 

The xylem (wood) of a fibro-vascular bundle (so long as it remains 
unaltered by the activity of the Cambium) consists of the three 
following elements : 

(1.) True vessels (trachew, ducts): they are formed from rows of 
superimposed cells, the transverse walls of which are absorbed or, in 
some rare cases, merely unequally thickened. According to the mode 
in which their longitudinal walls have been thickened, they are dis- 
tinguished as spiral, reticulate, annular, scalariform, or pitted vessels 
(Fig. 47 Bss' and Fig. 25 s) (Fig. 47 Bit’ and Fig. 23 C): their 
contents are air or water. 

(2.) Much lengthened, narrow, prosenchymatous cells; the wood- 
cells or fibres (Fig. 47 Bh and Fig. 23 B). 

(3.) Parenchymatous cells, forming the wood-parenchyma, and still 
containing protoplasm ; frequently they are wanting. 


The bast in like manner consists of : 
(1.) Vascular elements, the steve-tubes, which have thin side-walls, 
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but thick transverse septa, perforated by closely-set, open canals; they 
are filled with albuminous substances (Fig. 47 B sb). 

' (2.) Prosenchymatous elements, the bastjibres, which are.often long 
and much thickened, but flexible. 


(3.) Parenchymatous elements, thin-walled cells (Phloém paren- 
chyma ). | 
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Fic. 47.—A transverse section of an open fibro-vascular bundle in the stem of the Sun- 
flower. M Pith. X Xylem. C Cambium. P Phloém. R&R Cortex; s small, and s large 
spiral vessels; ¢ pitted vessel; ¢ pitted vessels in course of formation; h wood-fibres ; 
sb sieve-tubes ; b bast-fibres ; e bundle-sheath ; ic inter-fascicular cambium. B Radial vertical 
section through u similar bundle (somewhat simplified) lettered like the former. 


In addition to these, cells often occur in the phloém which belong 
to none of these three groups: these cells remain in the primitive 
condition in which all the cells- of the phloém originally were: they 
are termed cambiform, and, together with the sieve-tubes and paren- 
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chyma, are known as soft bast, in contradistinction to the thick-walled 
bast-fibres, the hard bast. 

These different kinds of cells are more or less fully represented in 
a section of a fibro-vascular bundle, their proportional number varying 
with the part from which the section is taken, and with the nature 
of the plant. 
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Fic. 48.—Transverse section of a closed fibro-vascular bundle from the stem of Zea Mais 
(550): a outer, i inner side with reference to the axis of the stem; p parenchymatous 
ground-tissue ; gg two large pitted vessels; s spiral vessel; r ring of an annular vessel ; 
l air-space formed by rupture, surrounded by thin-walled wood-cells. Between the two 
vessels g g lie smaller reticulated vessels and vessels with bordered-pits. These elements 
constitute the xylem: the phloém is composed of soft bast, v. The whole bundle is sur- 
rounded by a sheath of thick-walled, lignified, prosenchymatous cells belonging to the 
ground-tissue. (After Sachs). 


By far the most frequent arrangement is, that the xylem and the 
phloém in each bundle lie one behind the other on same radius, the 
xylem being nearer to the centre of the stem, while the phloem les 
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towards the periphery (v. Figs. 45, 47, 48, 50). This is the case 
both when the bundles form a circle and when they are scattered, 
when they are open and when they are closed. As the bundles bend 
outwards into the leaves without any twisting and are distributed in 
one plane, the phloém of the bundles lies towards the under surface 
of the leaf and the xylem towards the upper surface. Exceptions to 
these relations are found in cylindrical leaves and in many petioles, 
in which the twisting of some of the bundles gives rise to an arrange- 
ment similar to, but sometimes more complicated than that of the 
stem. In open bundles, the cambium lies between the xylem and 
the phloém. The annular and spiral vessels always form the innermost 
portion of the xylem towards the centre of the stem; and the outer 
portion, towards the phloém, consists of reticulated and pitted vessels, 
which are the largest of all the elements of the xylem. The grouping 
of these vessels as regards each other, the woody fibres and the 
parenchyma cells is extremely various, those shown in Figs. 47 and 48 
are only some examples. 

The innermost annular and spiral vessels are the first formed in 
each fibro-vascular bundle, and already exist before the contiguous 
portion of the stem has attained its definitive length; they grow 
with its growth and, since they cannot undergo any further transverse 
division, like the other elements of the bundle which are as yet 
undifferentiated, they consist of the longest cells. 

In the phloém, the bast-fibres usually lie nearest to the periphery 
and the sieve-tubes, which are generally conspicuous by their larger 
apertures (in transverse section), are scattered in the soft-bast (Figs. 
47 and 48). 

The following deviations from this, which is the commonest arrange- 
ment (the collateral) of the phloém and xylem, as well as of their con- 
stituents, may be mentioned : 

In many plants, e.g., Gourds and Lycium, ‘a second layer of phloém 
is found within the xylem; in most Ferns the phloém completely 
encloses the xylem, forming a ring (concentric arrangement), and 
several groups of spiral vessels lie within the xylem, from which the 
development of the xylem proceeds. 

The fibro-vascular bundles of the root differ most widely from the 
structure above described. It is, in fact, impossible to speak of 
separate bundles in the root; a cylindrical mass of fibro-vascular 
bundles, sometimes hollow and containing a pith, occupies the axis 
of the root (v. Fig. 20). In this, several xylem bundles are regularly 
distributed (Fig. 49 A g), and alternating radially with them lie an 
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equal number of phloém-bundles (Fig. 49 Ab). In Dicotyledons 
the number of these bundles is small, 
usually 2, 3, or 4, rarely 5 to 8; in the 
Monocotyledons it is usually larger. 
In each xylem bundle the spiral vessels, 
| which are here the oldest constituents, 
; lie nearest to the periphery. The ex- 
ternal layer of the fibro-vascular cylin- 
der is known as the pericambium, and 
remains for a long period capable of 
development and growth. The rudi- 
ments of the lateral roots are formed in 
this pericambium, exactly opposite to 
the xylem bundles; thus, irrespectively of 
the adventitious roots which are formed 
later, there are as many rows of lateral 
roots on a main root as there are xylem 
bundles in the fibro-vascular mass. The 
lateral roots, in the course of their 
development, have to penetrate the 

cortex of the mother-root (v. above p. 22, Zt, #hz-4,Tansraren ston of 
Fig. 20): their fibro-vascular bundles pr cortical fundamental tissue ; m pith; 
are in direct connexion with those of 7 S™ovasewar cylinder; g primary 


xylem bundles; 6 primary phloém 
the mother-root. bundles. #B Transverse section of an 


§ 26 The Growth in Thickness older root of the same plant, which 


is increasing in thickness: b/ second- 
of the stem and roots is effected in most ary bast; k cork—slightly magnified. 


Gymnosperms and Dicotyledons by the “*" *h* 

continuous activity of the cambium of their open bundles. These are 
arranged in a circle, in a 
transverse section of the 
stem (Fig. 50 A): growth 
in thickness commences 
with the occurrence of 
tangential divisions in the 
fundamental tissue (Fig. 


47 A ic) which lies be- fie. 50.—Diagrammatic transverse sections of a stem 


3 +, Which sin thickness. 4 V ng: there are five 
tween the bundles; this ' Bena eee i ee, 
isolated bundles; m pith; vr cortex; b’ primary bast 


gives rise to cambium, j1 primary wood; ccambium. B After growth in thick- 
which becomes continu- ss has commenced: h?2 secondary wood ; b? secondary 


ous with that of the fibro- me 


vascular bundles. A closed hollow cylinder is thus formed, which 
4 
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appears, in a transverse section, as a ring, the cambium-ring (Fig. 50 
Bc) completely separating the pith from the cortex; it consists of 
two portions corresponding to its mode of origin ; fascicular cambium, 
i.e., the cambium belonging to the fibro-vascular bundles, and the 
inter-fascicular cambium, i.e., that which is formed between the 
bundles in the primary medullary rays. 

A cambium-ring is likewise formed in roots which increase in 
thickness ; the cells which lie between the individual xylem-bundles 
and internally to each phloém-bundle are transformed into cambium- 
cells by division, and the separate groups become connected externally 
to the xylem-bundles, Thus a ring is formed which lies outside the 
primary xylem-bundles and inside the primary phloém-bundles (Fig. 
49 B), 

The cells of the cambium-ring, in the stem and root alike, constantly 
undergo both tangential and radial division, so that the number of 
the cells increases in the radial direction as well as in the circum- 
ferential: the growth of these cells produces an extension of the 
organ in both these directions. Of the cells thus formed, those lying 
on the inner side of the cambium are transformed into the elements 
of the wood (Fig. 50 Bh’), those on the outer side, into the elements 
of the bast, while the cells of the intermediate zone continue to be 
capable of dividing. The activity of the cambium thus gives rise to 
secondary wood and secondary bast, as distinguished from the primary 
constituents of the bundle, which existed previously to, and indepen- 
dently of, the activity of the cambium. The primary wood of the 
bundle is thus the innermost part of it, and usually projects into the 
pith, particularly when the primary bundles lie rather far apart; they 
then constitute what is termed the medullary sheath (Fig. 50 Bh* and 
D2 m 8). 

The elements composing the secondary wood correspond in general 
with those of the primary xylem, but they present certain peculiarities. 
First of all it may be observed that they are arranged in radial lines, 
at any rate in the first instance, because all the elements which have 
originated from a single cambium éell lie on one radius. ‘The cambium- 
cells are of an elongated form, “and are disposed somewhat prosen- 
chymatously in such a way that their oblique septa are distinctly 
visible only in a tangential section, that is, in profile (Fig.51 A), It is 
by the transformation of their daughter-cells, which exactly resemble 
the cambium-cells, that the different cells which compose the secondary 
wood are formed. ‘The secondary wood of trees consists of the fol- 
lowing elements : 


” 
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(1.) Of Vessels, which are invariably provided with bordered pits 
on their longitudinal walls (true spiral and annular vessels are always 
wanting) ; their diameter is greater than that of the other elements, 


their constituent cells are usualiy of the same 


length as the cambium- 


cells. The transverse walls are either wholly absorbed, or only 
perforated, or sometimes merely pitted like the longitudinal walls ; 
in the latter case it is often hard to distinguish between the vessels 


and the wood-fibres : such structures are known 
as T’racheides. In some wood, as that of the 
Lime, delicate spiral thickenings are found in 


addition to the pits on the longitudinal walls: ff 
they can be distinguished from true spiral 
vessels by the delicacy of their structure and ff 
by the fact that injury does not cause a sepa- : 


ration of the spiral thickening from the wall. 


(2.) Of wood-jibres which are much elongated, }))} 
almost always longer than the cambium-cells, | 
and their transverse septa are more oblique: \ 


the pointed ends of the individual cells also 
grow in between each other. The walls of 
the woody fibres are sometimes unpitted or 
have small slit-like pits (Fig. 51 C), libriform 
Jibres ; sometimes they are pitted like the walls 
of the vessels (Fig. 51 B), tracheide fibres. 

(3.) Of Wood-parenchyma which is formed 
by the repeated transverse division of the cam- 
binm-cells ; the parenchymatous cells produced 
from each cambium-cell form a group which 
is bounded by the oblique walls of the cam- 
bium-cell (Fig. 51 D), The walls of the 
woody-parenchyma-cells are thin, and bear 
large simple pits. 

With reference to the very varied distribu- 
tion of these different elements of fibro-vascular 
bundles, it may be particularly noted that in 
all Conifers, vessels and true woody paren- 
chyma (apart from the resin ducts, v. § 28) are 


Fia. 51.—A Cambium-cells 
seen in a tangential section. 
B Tracheide fibre seen from 
outside. C Libriform fibre ; 
aud D a group of cells from the 
wood-parenchyma seen in sec- 
tion, from the Oak; isolated 
by maceration. 


wanting: the medullary sheath, the primary xylem, of course contains 
annular, spiral, and reticulated vessels, but the secondary wood of these 
trees consists solely of tracheides, the walls of which bear the peculiar 


bordered pits described in § 22 (Fig. 42). 
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In most trees and shrubs, and in the stems of the stronger herbaceous 
plants, the fibres generally form the greater part of the wood, and the 
vessels and woody parenchyma-cells are scattered among them. 

Succulent stem-structures which increase in thickness, e.g., the 
tubers of the Potato, contain in the wood formed from the cambium 
nothing but thin-walled, juicy, parenchymatous cells traversed by a 
few solitary vessels. A transverse section of the wood of our timber- 
trees exhibits, even to the naked eye, a series of concentric layers 
known as the annual rings. These layers result from the fact that 
the wood formed in the spring is differently constituted from that 
which is formed in the summer; since the external conditions on 
which this difference depends gradually change in the course of a 
year, and during the winter no wood is formed, it is easy to imagine 
that in the ring of wood which represents one year’s growth a gradual 
change of structure should be perceptible from within outwards, and 
that the limit between the ring of one year and that of another should 
be sharply defined. ‘The anatomical cause of the distinctness of the 
annual rings is the same in all wood, namely, that the last layers of the 
wood formed in a yearare much compressed, and therefore have a very 


Fig. 53,.—Transverse section of Fir- 
wood at the junction of two annual 
rings: ma medullary ray—all the other 


Fic. 52.—Part of a transverse section of a cells belong to the wood ; f loose spring- 
twig of the Lime, four years old; (slightly wood; hk dense autumn-wood; w the 
magnified): m pith; ms medullary sheath; x limit between the autumn-wood and 
secondary wood; 1 2 3 4 four annual rings; the spring-wood of the following year ; 
e cambium; ph bast; pa primary medullary between h and w is the flattened limit- 
rays; b bast-fibres ; pv primary cortex ; k cork. ing layer (250). 


small radial diameter (Fig. 53 w). In Conifers two other layers may 
be distinguished from this outer one, viz., the spring wood formed of 
thin-walled cells (Fig. 53 f) and the autumn wood formed of thick- 
walled cells (Fig. 53 h). In foliage-trees the number and size of the 


‘or 
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vessels diminishes in each annual ring from its inner to its outer limit. 
When this takes place very gradually the eye cannot detect any con- 
spicuous difference between the spring and autumn-wood (as in the 
wood of the Beech, Lime, Maple, and Walnut); but some kinds of 
wood show a ring of conspicuously large vessels in the spring-wood, 
while in the autumn-wood there are numerous much smaller vessels 
(as in the wood of the Oak, Elm, and Ash). 

Besides the elements which have been already considered, the wood 
includes certain parenchymatous cells which are elongated in a radial 
direction and are known as the medullary rays. These appear in a 
transverse section as radial stripes, in a radial section as radial bands 
of small height, and in a tangential section as elliptical groups of cells 
(Fig. 54), surrounded by the elongated elements of the wood; they 
consist of parenchymatous cells much 
elongated in the radial direction (Fig. 
53 m), but very small in the tangential 
and vertical directions. These medul- 
lary rays, like the constituents of the 
wood, are developed from the cam- 


A Fie. 54.—Diagrammatic represen- 
bium both towards the centre and tation of the course of the medullary 


towards the circumference, so that each ays; a segment cut out of the wood : 
Q Horizontal surface. & Radial sur- 
medullary Tay runs from the wood face. 7 Tangential (external) surface 
through the cambium into the bast. of the wood; the shaded portion 
When once a group of cambium-cells 7° “e meduary trays. 
has begun to produce a medullary ray, it continues to do so, and the 
greater the circumference attained by the wood, the greater is the 
number of the points at which the formation of medullary rays begins 
in the cambium, and the greater the number of medullary rays which 
penetrate the wood. Those medullary rays which extend inwards to 
the pith and outwards to the primary cortex, those, namely, which 
existed at the beginning of the thickening of the stem, are termed 
primary. ‘These increase radially, in some plants by means of the 
whole of the inter-fascicular cambium, e.g., in the Clematis, in others, 
on the contrary, by means of isolated portions of the inter-fascicular 
cambium, e.g., in the Hornbeam. Secondary medullary rays are such 
as are formed at a later stage, and do not therefore extend to the pith, 
but end blindly in the wood. When the medullary rays, or at any 
rate some of them, are large, they are easily detected by the naked eye, 
as in the wood of the Beech and Oak. 
The wood of many large timber trees frequently exhibits a striking 
difference between the older internal portion of the wood, the heart- 
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wood (duramen ), and the younger outer portion known as the sap-wood 
(alburnum). This arises from changes undergone in the course of 
years by the mature wood. The altered heart-wood always contains 
less water, has no starch in its parenchymatous cells, and is often 
darker in colour, e.g., the Pine, Larch, and Oak. 

The secondary bast formed from the cambium never attains so con- 
siderable a size as the wood ; it consists of sieve-tubes, bast-fibres, and 
parenchymatous cells in varying order, very rarely showing any regu- 
larity ; sometimes the bast-fibres are in layers, so that they can be 
removed in large eonnected sheets, as in the Lime. The formation of 
annual rings does not take place. The medullary rays, as mentioned 
above, traverse the bast to an extent correspondirg to their develop- 
ment in the wood. In many trees the cells of the medullary rays, 
and other cells also, in the bast, become sclerenchymatous; for 
instance, in the Beech, where they project from the surface of the 
dry cortex which is in contact with the cambium, in the form of 
sharp teeth. As the cambium-ring is constantly increasing in circum- 
ference, the bast which surrounds it necessarily experiences consider- 
able tension, particularly in the outer portion. This tension naturally 
affects chiefly the parenchymatous elements which are still capable of 
growth while the bast-fibres are no longer capable of any modification ; 
hence the medullary rays are often seen to be much expanded towards 
the circumference (v. Fig. 52 pa). 

The tissues lying externally to the cambium are generally spoken of 
collectively as “cortex” ; it will be well, therefore, to designate the 
bast which has been formed by the cambium as secondary cortex, in 
order to distinguish it from the primary cortex which lies externally 
to itand belongs to the fundamental tissue. The cells of the cambium- 
ring are rich in protoplasm and tear very readily, especially when they 
are actively growing and dividing ; consequently the ‘‘ cortex ’can be 
easily stripped from the wood. 

Many woody plants, of which, however, only a few are indigenous 
to this part of the world, depart from the general type here described 
both in the origin and in the mode of growth of their cambium-ring. 
The arborescent Liliaceee (Yucca and Draczena) may be mentioned as 
being the only Monocotyledons of which the stems increase in thick- 
ness. As the fibro-vascular bundles are all closed, there is no cambium, 
and the increase in circumference is possible only by a new formation, 
in a zone of the fundamental tissue, both of isolated, closed, fibro- 
vascular bundles and of fresh fundamental tissue. 

§ 27. The term Fundamental Tissue (ground-tissue) includes. 
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all the mass of tissue which does not form part of the fibro-vascular 
bundles or of the epidermis (Fig. 24 g). Various forms of cells 
and of tissues occur in it, and those 
. parts of it in particular which lie in 
immediate contact with other tissue- 
systems are frequently remarkable 
for peculiarities of structure. ; 

Those forms of fundamental tissue 
which occur in close connexion with 
the epidermis are included under 
the term Hypoderma. One form fre- 
quently occurs in the stems and leaf- 


stalks of dicotyledonous plants which 
is known as Collenchyma (Fig. 55 cl), 
a tissue, the cells of which are narrow 


. : : Fic. 55.—Transverse section: Epidermis 
" oe * ad 
and elongated, with their walls thick By dee cdancho a til) of tok Veatstalic of 


ened along the lines of contact, and a Begonia ; the epidermis-cells are uniformly 
capable of swelling-up considerably. 23.550 tne collonehyma, but are thickened 
In other cases the elements of the like the collenchyma at the angles where 
hypodermaare fibrous and sclerenchy- three cells meet j these thickenings have 

P great capacity for swelling ; chl chlorophyll 
matous, as in the leaves of Conifers. grains ; p parenchyma-cell (x 550); ¢ cuticle 

Bundle-sheath (Endodermis). (fter Sachs). 

This name has been given to the single layer of cells (belonging to the 
fundamental tissue) which 
formsa common investment 
to the fibro-vascular bundles 
of the stems of many Dico- 
tyledons (Fig. 47 e). It is 
invariably present in roots. 
The walls of these cells 
which are in contact are 
usually folded in a peculiar 
mannerandarecuticularised 


External -sheath. This 


term is applied to such cells 
Fic. 56.—Transverse section of a Beech Leaf (350): 


of the fundamental tissue eo epidermis vf the upper surface ; ew epidermis of the 
as surround fibro-vascular under surface; pa pallisade parenchyma; sp spongy 


bundles andhaveundergone P**°"ehY™™ 

special modification. The closed bundles of Grasses (Fig. 48) and of 
many Monocotyledons are surrounded by an investment consisting 
of several layers of prosenchymatous cells. ) 
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The rest of the fundamental tissue, the complementary tissue, con- 
sists (with the exception of the prosenchymatous ground-tissue in the 
stems of Lycopodiacese, &c.) of thin-walled succulent parenchyma 
with intercellular spaces: the cells may contain chlorophyll-corpuscles, 
as in the case of leaves and of the cortex of stems, or the tissue 
may be colourless, as in the interior of succulent stems, in roots, and 
in juicy fruits. 

The chlorophyll—con- 


~ 


Et nere ‘ ey taining ground-tissue of 
PT Rie -| leaves is usually of a differ- 
PP eA ES scam 
feta sea pene es rh ent texture at the two sur- 
pe he ro | é iy . eared a . . . 
(oY Bx faces of the leaf; it is in 
=e. pip ; 
Roh Lf consequence of this that 
=i | the two surfaces differ some- 
ra’ 
pind what in colour. 
ak ; : 
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chyma, is formed of cells 
which are irregularly ar- 


mite aan 


by large intercellular spaces 
(Fig. 56 sp). 

The cells of the pith of 
woody plants generally all 
die, as inSambucus (Elder), 
or at any rate most of 


| them do so. 
Fie. 57.—Laticiferous vessels in the phloém of Scor- 7 J 1] 
zonera hispanica, tangential section. A Slightly magni- Sclerenc wymatous ceus 
fied. B A small portion highly magnified (after Sachs). occur in the most different 


parts of the fundamental tissue; they may be isolated as, for instance, 
in the flesh of Pears and in the cortical parenchyma of many trees, or 
united to form a considerable mass of sclerenchymatous tissue, as 


ranged, and are separated | 
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in the shell of many fruits, as the hazel-nut, and the stone of others, 
as the plum. 

§ 28. Internal Receptacles for Secretions. In the fibro- 
vascular system, as well as in the fundamental tissue, besides the forms 
of tissue hitherto described, there are found other structures which 
serve to secrete and to transmit certain substances which do not occur 
throughout the plant: these structures traverse both the internal tissue- 
systems, so they cannot be regarded as belonging especially to either, but 
must be considered separately. According to their mode of origin, these 
receptacles may be either isolated closed cells containing nothing but the 
matter secreted, or they may be vascular structures, formed by the fusion 
of elongated cells by the absorption of their walls; or, again, they may 
be intercellular spaces, cavities filled with secretion which have been 
formed either by the absorption of a mass of tissue (lysigenous ) or by 
the separation from each other of uninjured cells (schizogenous ) 
(v. above, § 23). They may be arranged in the following order, 
according to the nature of the secretion : 

(1.) Crystals or clusters of crystals are frequently fond. in certain 
cells, particularly in the fundamental tissue of Monocotyledons and 
in the bast of many trees. 

(2.) Cells filled with mucilage occur in the Malvacez, in the cortex 
of the Elm and Firs, in the tubers of the Orchidexw ; mucilage also 
occurs in lysigenous intercellular spaces in the Cactez; cherry-gum, 
which is formed by a gradual transformation of groups of cells, must 
be included here. 

(3.) The milky juice (latex) which flows from many plants when 
they are cut, derives its milky appearance from minute solid particles 
which are suspended in watery fluid, constituting a sort of emulsion ; 
the milky juice frequently coutains caoutchouc, and sometimes, as in 
Chelidonium, it is yellow. This milky juice is found in different 
vessels in the different families of plants. 

(a.) In the Cichoriaceze (as the Dandelion and Scorzonera), the 
Papaveraceze, and Campanulacez, it is contained in the laticiferous 
vessels ; they are straight or branched, anastomosing rows of cells, the 
transverse walls of which are absorbed or perforated (Fig. 57). 

(b.) In the Euphorbiacez (e.g., the Spurges), the Urticacee, and 
Asclepiadeze, the milky juice is contained in closed cells, which are 
much branched and extend throughout the whole plant. These Jati- 
ciferous cells are already present in the embryo, while it still consists 
of only a few cells, and they grow with its growth without undergoing 
any division. 
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(c.) The milky juice is contained in cells of small dimensions, 
which are not unfrequently arranged in rows; this is the case in the 
Maple, in Sambucus (Elder), where these cells are visible as red lines 
at the circumference of the dried-up pith, in the Convolvulacez, where 
the milky juice contains much resin, in Jsonandra Gutta, of which the 
inspissated milky juice forms Gutta percha. 

All these forms of laticiferous vessels occur principally in the cortex 
and phloém, but they sometimes occur also on the inner side of the 
fibro-vascular bundles of the plants in question. A great number of 
very important products, valuable in medicine and the industrial arts, 
are derived from the latex: thus Caoutchouc (India rubber) is the 
dried milky juice of Siphonia elastica, one of the Euphorbiacee, and 
Opium is the milky juice of the unripe capsules of the Poppy, 
Papaver somniferum. 

(4.) Resins and ethereal oils, not unfrequently combined, occur : 

(a.) In cells, in the Laurinez, e.g., Camphor; in the Zingiberacee, 
Acorus, and other plants ; the solitary resin-cells in the wood of the 

Silver Fir may be mentioned here. 


Fic. 58.—Oil-cavity below the upper 
surface of the leaf of Dictamnus Frazi- 
nella (320). B At an early stage: C 
mature ; ¢ mother-cells of the cavity be- 
fore their absorption; o a large drop of 
ethereal oil (after Sachs). 


Fic. 59.—Resin-passages in the young stem of the Ivy (Hedera Helix), transve section 
(800). A An early, £ A later stage; g the resin-passage; c the cambium ; wh the souft-bast ; 
6 bast-fibres ; mp cortical parenchyma (after Sachs), 
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(b.) In intercellular spaces, which may be of lysigenous origin and 
are then usually of a spherical form; these were formerly designated 
glands (Fig. 58). The oil of the Citron, Orange, Rutaceee, Myrtaces 
is contained in such cavities, as well as that of the leaves of Hyperi- 
cum, which present in consequence a number of transparent spots. 

The other intercellular spaces which contain oil or resin are of 
schizogenous origin, that is, they are formed by the separation from 
each other of certain cells surrounding the intercellular space (which 
is usually elongated in form), and differing from the rest of the tissues 
in their arrangement and mode of division (Fig. 59). To these belong 
the oil cavities which traverse the primary cortex and phloém of the 
Composite, and the gum-resin-ducts of the Umbelliferze and their 
allies, in which the resin is mixed with gum: also the resin-ducts 
of the Terebinthacese, Simarubex, and Conifere, which contain a 
Balsam, i.e., a solution of resin in an ethereal oil. In the Conifer 
(among which resin is wholly absent from one genus only, namely 
Taxus), they are found in the leaves, the arrangement varying with 
the species, and they pass from them into the primary cortex ; they 
also run longitudinally through the wood and transversely in the 
larger medullary rays. Lysigenous resin-receptacles of a spherical 
form are formed secondarily in several species, e.g., the Larch, in the 
primary and secondary cortex. 
 § 29. The Epidermis. In the lowest forms of plants the 
epidermal system is not sharply defined from the fundamental tissue, 
and is properly speaking only the outermost layer of that tissue. 
In the higher plants there is usually a true epidermis (Fig. 45 e) ; 
this envelopes most annual plants, and generally consists of a single 
layer of cells, which are in close juxtaposition (with the exception of 
the stomata) without any intercellular spaces: it may be easily stripped 
off from certain parts of many plants (e.g., the scales of the Onion 
and the leaves of Begonia) as a thin transparent membrane. In some 
special cases, e.g., the leaves of Ficus and Peperomia, the primitively 
single-layer of the epidermis divides into two or more layers, 
of which the outer layer alone has the appearance of a true epi- 
dermis. Sometimes the cells of the epidermis differ very slightly 
from those of the internal tissue, as in the roots and leaves of many 
water-plants ; but the difference between the epidermis and the tissues 
which lie beneath it, in the case of the stems and leaves of terrestrial 
plants, is well marked, and the epidermis is usually further distin- 
guished by certain peculiar structures, such as stomata and_ hairs. 
The epidermal cells but seldom contain chlorophyll, but on the other 
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hand, they often contain other colouring-matters in solution. In those 
parts of plants which grow to a considerable length, their form is 
usually elongated ; in broad leaves it is commonly tabular. The side 
walls have very frequently an undulating outline, so that the adjoin- 
ing cells fit into each other. The external wall is usually much more 
thickened than the other walls ; its outermost layer is always cuticu- 
larised, and is called the cuticle ; it is clearly defined from the inner 
layers, which are also more or less cuticularised (Fig. 60), and it 
extends continuously over the whole of the epidermis. It has a 
tendency to form thickenings 
projecting outwards from the 
surface. Particles of wax are 
included in the cuticle of many 
terrestrial plants which protect 
their surface from being wetted 


form of small granules, rods, or 

Fic. 60.—Epidermis (/e) with a stoma /S) from flakes, and then forms a bluish 
a cross section of a leaf of Hyacinthus orientalis bloom, which is easily wiped off, 
Prana chard ma of the fundamental 6y sometimes a considerable mass, 

as in the fruits of Myrica 
cerifera and the trunks of some Palms (Ceratoxylon andicola and 
Klopstockia cerifera ). 

The Stomata are organs which 
here and there interrupt the con- 
tinuity of the epidermis and effect 
a communication between the air 
contained in the intercellular spaces 
and in the vessels, and the external 
atmosphere. Each stoma consists 
of two peculiarly modified epider- 


| mal cells called guard-cells ; these, 
\ when seen from the surface, appear 
usually of a half-moon shape (Fig. 
~ _ 61sz) and surround the opening of 
sf Gis 
oceans | 


the stoma. This leads to the air- 

Fic, 61.—Stoma of a leaf of Commelina cavity (Fig. 60 2), a large intercel- 

celestis, surface view (xX 300): sp opening ; lular space between the epidermis 
sz the two guard-cells. i - E 

and the underlying tissue, which 

communicates with the other intercellular spaces. ‘The whole stoma 


by water. This wax often ~ 
appears on the surface in the 
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originates thus: a young epidermis-cell divides into two, the two 
guard-cells ; these are separated by a septum, which is at first simple, 
but which subsequently splits. The size of the opening may be in- 
ereased or diminished by the action of external influences, and this 
is effected by changes in the form of the guard-cells. Stomata are 
found on almost all parts of terrestrial plants which are above the 
ground, and are particularly abundant on leaves (as many as 600 to 
the square millimetre) ; they are usually wanting in submerged organs, 
and are always absent from roots. 

Hairs are products of the epidermis, and are generally formed by 
the outgrowth of single epidermal cells. They may remain unicellu- 
lar, as in the case of the root-hairs which form the velvety covering 
of young roots, and of the hairs on the outer coat (testa) of the seed 
of Gossypium, which constitute Cotton ; or they may undergo division 
so that they consist of a row of 
cells (Fig. 62 a, d); or again, the 
outgrowth from the epidermal cell 
may undergo divisions in two or 
more directions, in consequence of 
which either a layer of cells is 
found, as in the case of the scales 
(ramenta) on the leaves of Ferns, 
or a mass of cells, as in the case 
of the stiff hairs on the fruits of 
Thistles and similar plants. If a 
mass of cells be formed at the 
apex of a hair, or if the cells near 
the apex are much larger than the 
rest, it is called a glandular hair 
(Fig. 62 b). In many cases the 
contents of the hair-cells disappear 
at an early stage, as in Cotton, 
and are replaced by air. Some- 
times the membrane becomes Fie. 62.—Hairs on a young ovary of Cucur- 
greatly thickened, and often con- bita (x 100); 0 glandular hair; ce f early 
tains deposits of considerable *8°s ° development. 
quantities of lime and silica. The stinging hairs of Nettles and other 
plants secrete an acrid fluid which, as their points break very easily, 
enters the object touching them. 

The Glands, the secreting organs of the epidermis, are peculiar in 
that the secretion (which is usually of a sticky nature) makes its 
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appearance in the substance of the cell-wall under the cuticle: it 
causes the cuticle to separate from the remainder of the cell-wall, and 
finally ruptures it. Secretion takes place frequently over the general 
surface of the epidermis, as in young twigs of the Birch, or over 
certain circumscribed areas of it, as the teeth of the leaves of Prunus, 
Salix, and other plants, and the nectaries of flowers, or at the apex of 
glandular hairs, as in Primula sinensis: the colleters which clothe the 
young organs in the winter-buds of trees, and which cover the unfold- 
ing leaves with their secretion, are also glandular hairs of this kind. 
Digestive glands, which secrete a fluid capable of dissolving various 
foreign bodies, are peculiar to certain plants; they are found in the 
“tentacles” of Drosera, &c. (Fig. 72). 

In those parts of plants which grow in thickness, such as the stems 
and branches of trees, the tubers of the Potato, and napiform roots, 
the epidermis is usually unable to keep pace with the increase of the 
circumference, and it ruptures: a new protective tissue is usually 


formed from the cortical fundamental tissue, which is termed the | 


Cork or Periderm., 
This consists of tabu- 
lar cells arranged in 
rows perpendicularly 
to the circumference 
of the organ: their 
walls are converted 
into cork and are 
scarcely permeable to 
water: they usually 
contain nothing but 
air (Fig. 63 k). The 
cork-cells are formed 
by tangential divi- 


. > aR Bann 
Le sD mam > 


erane he > ie sions taking place in 
SSD ( oo ey ee Shan Coe the cells of a special 


meristem, the Phello- 


Fic. 63.—Cork of a one-year’s shoot of Ailanthus glandulosa gen, and lie externally 
2 F ; he i : 
(trans. sect, 850) ; e the dead epidermis, k cork cells, the inner to it : fre qu ently 
layers meristematic (phellogen) ; 7 primary cortex. 
parenchymatous cells 


containing chlorophyll are formed in a similar manner from the 
phellogen, and lie internally to it: these are known as Phelloderm. 

A formation of cork is wholly absent in only a very few woody 
plants, as the Mistletoe and a species of Maple (Acer Pennsylvani- 
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cum); in Euonymus it occurs only in branches of several years’ growth. 
It usually takes place in one-year’s shoots towards the end of summer, 
so that their originally green colour is changed to brown. This peri- 
derm, which serves as a substitute for the decaying epidermis, and 
which may be termed primary, is usually formed in the outermost 
layer of the cortex in immediate contact with the epidermis; in 
rare cases the epidermis itself is transformed into phellogen (in Salix 
and the Pomacez), or the phellogen originates in a more internal layer 
of the cortex (Leguminosz, Larch, Ribes), or even in the phloém (as 
in the Grape-Vine). In consequence of the impenetrability to water 
which is characteristic of the cork cells, all the tissues outside the 
periderm necessarily dry up, and these dried-up tissues, which may 
belong to various tissue-systems and include the most various forms 
of cells, constitute what is known as Bark. In roots the primary 
periderm is always formed in the pericambium; consequently the 
whole of the cortex, which is often of great thickness, is transformed 
into bark and is thrown off (compare Fig. 49 B). 

When the primary periderm originates in the outer layers of the 
cortex (or in the epidermis), it forms for many successive years the 
external investment of the branch; it may attain considerable thick- 
ness, as in the Cork-oak, and at the same time exhibit an alternation 
of dense and loose layers (e.g., the Birch, in which the layers may be 
peeled off in thin white sheets); sometimes (as in Acer campestre and 
the Cork-elm) it forms wing-like projections from the angles of the 
branches. In a few trees, as the Silver Fir, this primary periderm 
persists for some years, or, as in the Beech, during the whole life of 

the tree; the outer cork-cells split off as the trunk of the tree in- 
creases in thickness, while the phellogen, growing and extending in a 
tangential direction, gives rise to new layers. In most cases, after a 
few years, new secondary layers of periderm are formed in the deeper 
layers of tissue, causing, naturally, the production of a very consider- 
able bark. If the new secondary layers of periderm occupy only a 
part of the circumference, and their margins are in contact with the 
periderm which has been previously formed, a scaly bark is formed, 
that is, isolated patches of tissue are transformed into bark. | This 
bark is stretched and torn by the increasing size of the trunk, and the 
scales of it may be shed, as is the case in the Plane, or they may adhere 
one upon the other, as in the Pines and Larches, or remain connected 
by the bast-fibres in long strips, as in Robinia. When, on the other 
hand, the primary periderm has been formed in the deeper layers of 
the cortex, the secondary periderm often forms complete concentric 
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rings ; thus hollow cylinders of the cortex are transformed into bark 
(ringed bark). The longitudinal rupture of this kind of bark is 
effected by the bast-fibres enclosed in it, e.g., Vine, Clematis, and Thuja. 

There are in the periderm organs, corresponding to the stomata of 
the epidermis, and serving, like them, to admit air to the living 
portion of the cortical tissue; these are the Lenticels, They are 
usually circumscribed circular areas of the periderm where the cork- 
cells formed in the course of the summer are not arranged closely 
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Fic, 64.--Lenticel in the transverse section of a 
- twig of Elder (300): e epidermis, g phellogen, / cells 
and pl the phellogen of the lenticel, le cortical paren- 
chyma containing chlorophyll. 


monly the starting-points of the formation of cork. 


together, but are separated 
by intercellular spaces. In 
winter the lenticels are closed 
by ordinary cork-cells. They 
are most easily detected in 
branches of one year’s growth, 
where they are to be seen in 
the summer in the form of 


brownish or whitish specks — 


under the places where the 
stomata occur in the epider- 
mis. ‘These spots are com- 
In many trees, 


as the Birch, the lenticels become much extended in width by the 


growth of the branch in circumference. 


When the cork-layer is very 


thick, as in the Cork-oak, the lenticels form deep canals filled with 
a pulverulent mass of cells. | 

In woody plants the falling off of the leaves breaks the continuity 
of the epidermis. This process is induced by the formation in the 
autumn of a zone of peculiar tissue at the base of the leaf, the cells 
of which become separated along one plane by the splitting of the 
common walls, so that the cells remain uninjured. Cork is subse- 
quently formed under the layer of cells covering the portion of the 
leaf which remains attached: the cork formed here becomes con- 
tinuous with the periderm which invests the branch. 

§ 30. The Primary Meristem and the Apical Cell. 
The growing end or apex of an organ, such as a root or a stem, is 
ealled the growing-point (punctum vegetationis). In roots it can be 
readily distinguished on account of its freedom from colour, and it 
will be seen to be enveloped by a transparent mass of tissue forming 
the root-cap (see § 7). In stems the growing-point is enclosed by the 
young leaves. In the growing-point the different forms of cells and 
systems of tissue which have just been described are not yet present ; 
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it consists of a tissue, the cells of which are all capable of division, 
rich in protoplasm, thin-walled, and in close juxtaposition, without 
any intercellular spaces: this is the primary meristem. Out of this 
tissue the various tissue-systems are gradually formed by the differen- 
tiation of the originally similar cells. Most leaves and fruits, and 
many other organs, consist, at the earliest stage of their development, 
wholly of primary meristem, which is subsequently transformed into 
the different forms and systems of tissue, so that none of the primary 
meristem remains. In those organs, on the other hand, which have a 
continuous apical growth, as most stems and roots, new primary 
meristem is constantly being produced proportionately to its transfor- 
mation into permanent tissue, by the formation of new cells at the 
growing-point. At the apex of a root, the tissue of the root is formed 
backwards from the primary meristem, and the root-cap forwards ; the 
external cells of the latter are constantly being worn off. 

In Cryptogams this constant production of primary meristem is 
effected by meaus of 
a single cell, which 
occupies the apex of 
the growing organ, and 
is distinguished by its 
size and form ; this is 
the apical cell (Fig. 65 
v). From it all the 
cells of the primary 
meristem, and conse- 
quently those of the 
whole mass of the 
plant, originate in 
the following way : it 
divides in regular suc- 
cession into two; of 
these, the one remains 
exactly similar in form 


Fia. 65.— Longitudinal section through the apical region of 
a stem of Fontinalis antipyretica, a Moss growing in water 
(after Leitgeb): v the apical-cell of the shoot, producing three 
rows of segments which are at first oblique and afterwards 
placed transversely (distinguished by a stronger outline). 


to the original termi- 
nal cell, it increases 
in size, and then fulfils 
the functions of the 
terminal cell in its 
turn ; the other, known 


Each segment is first of all broken up by the division a into 
an inner and an outer cell; the former produces a part of the 
inner tissue of the stem, the latter the cortex of the stem and 
a leaf. Leaf-forming shoots arise beneath certain leaves, a 
triangular apical cell /z) being formed from an outer cell.of the 
segment, which then, like v, produces three rows of segments ; 
and each segment here also forms a leaf. 


as the segment, by farther subdivision (Fig. 65 a b c), forms a portion 
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of the tissue of the organ to which it belongs. The whole mass of 
tissue is formed from the segments which are thus successively pro- 
duced. The mode of the formation of the segments is very simple 
in some Alge, where the terminal cell is divided only by transverse 
septa, so that the segments form a longitudinal row. ‘The process is 
more complicated when the segments are cut off right and left 
alternately by oblique walls which intersect. It is still more compli- 
cated when, as in the stems of Mosses and of Ferns, the terminal 
cell has the form of an inverted three-sided pyramid, from which 
segments are cut off on each of the three sides by inclined walls in 
regular succession (Fig. 65). 
The growing point of the higher plants, the Phanerogams, has no 
apical-cell, to which the cells of the primary meristem owe their origin. 
-§ 31. Formation of Tissue in consequence of Injury. 
When the internal tissues of most parts of plants are laid bare by 
injury, they are gradually covered by a formation of cork taking place 
in the outermost layer of cells which remain uninjured and capable 
of growth. This is easily seen in injured fruits, leaves, and herbaceous 
stems, in which the wounds that have been covered by a layer of cork 
are distinguished by a grey-brown colour. The process is very easy 
to observe in potato-tubers, for each portion of living tissue taken from 
one, 1f only prevented from drying too quickly, will soon be covered 


over the whole surface by a layer of cork precisely similar in structure 


to the ordinary rind, In plants in which the wood is well developed, 
cork is not immediately formed—particularly when the cambium is 
wounded or laid bare—but all the living cells which border on the 
wound give rise to a homogeneous parenchymatous tissue known as 
the Callus. If the wound is small the callus-cells proceeding from the 
different sides soon come into contact and close up into a single mass 
of tissue, which then gives rise to cork on its outer surface, and, 
meeting the old cambium within, forms a new layer of cambium, 
which fills up the cavity. If the wound is a large one, cork and new 
cambium are formed in the callus at the margins of the wound, and 
it is not wholly closed till after repeated rupture of the approaching 
cushions of callus. The wood exposed by the wound, which usually 
assumes a dark colour under the influence of the air, does not grow 
with that formed from the new cambium of the callus ; hence inscrip- 
tions, for instance, which are cut in the cortex so as to reach the 
wood, though subsequently covered by a number of annual layers of 
wood corresponding to the number of years, may easily be found. 
A similar explanation accounts for the fact that the surfaces of the 
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stumps of cut-off branches become overgrown ; the callus first appears 
as a ring from the cambium exposed in the transverse section, and 
afterwards closes like a cap over the old wood. Foreign bodies—nails, 
stones, and stems of other plants—may thus become enclosed in the 
wood of a tree and be overgrown by it; the cortex, being forced 
against the foreign object by the pressure of the growing wood, splits, 
and the callus formed in the rent grows round the object, enclosing 
it and producing new cambium. 

Stems of plants of the same species will grow together if they are 
in close contact; the callus formed by the cortex of both, coalesces 
and gives rise to a common cambium. On this depend the various 
modes of artificial grafting, in which branches or buds with a portion 
of the cortex are taken from a variety or an allied species and placed 
so that their cambium is in contact with that of a stem which serves 
as the stock, and subsequently they grow together. 
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CHAPTER I. 


CHEMICAL PROCESSES IN PLANTS. 


§ 32. The Elementary Constituents of the Food of 
Plants. All parts of living plants contain a considerable quantity of 
water : this forms not merely the principal constituent of the cell-sap, 
but also saturates the cell-walls, the protoplasm, in short, all organised 
structures, It is one of the peculiarities of organised structures that 
minute particles of water are interposed between the particles of solid 
matter of which they consist. By heating to 100° or 110° Cent., all 
the water contained in any part of'a plant is expelled, and in conse- 
quence it will naturally lose weight. The amount of this loss, that 
is, the quantity of contained water, is very different in various plants ; 
ripe seeds dried in the air contain from 12 to 15 per cent. of water, 
herbaceous plants 60 to 80 per cent., and many water-plants and Fungi 
as much as 95 per cent. of their whole weight. 

The residue, which gives off no more water at a heat of 100° Cent., 
the dry solid, consists of a great variety of chemical compounds ; these 
are partly organic, that is to say, combinations of Carbon with other 
elements, and partly znorganic. Those organic substances which occur 
in the living plant (with the exception of salts of oxalic acid) all 
contain Hydrogen. Some of them, such as many oils, consist of these 
two elements only (carbon and hydrogen), but by far the greater 
number, including Cellulose, Starch, and Sugar, as well as the vege- 
table acids, and certain oils, contain Oxygen also. The albuminous 
substances consist of Carbon, Hydrogen, Oxygen, Nitrogen, and 
Sulphur ; in other bodies which contain Nitrogen, as Asparagin and 
many alkaloids, there is no sulphur; from certain other alkaloids, 


cen is also absent. 


for instance Nicotin, oxyg 
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The organic compounds can for the most part be resolved into 
volatile products—chiefly carbonic acid, water, and ammonia—by 
exposure to great heat with free access of air, that is, by combustion. 
The inorganic residue is a white, or, if the combustion is imperfect, a 
grey powder, the ash. 

As the result of chemical processes attending the combustion, the 
sulphur previously contained in the organic compound appears as 
sulphates in the ash, and the carbonic acid formed during combustion 
combines with some of the inorganic substances. These therefore 
must not be included in an accurate estimate of the constituents of 
the ash. 

The ash usually constitutes but a small percentage of the whole 
dry solid of the plant. The following analyses of various portions of 
plants will give an idea of its amount and composition : 


1000 PARTS OF DRY SOLID MATTER CONTAIN : 


Ash, 
Sulphuric 
acid 
Silica. 
Chlorine 


Potash 
Soda 
Lime 

Magnesia. 
Ferric 
Oxide 
Phosphoric 
acid 


——EE a ee eS eee 


Clover, in bloom | 68°3 | 21°96 | 1°39 | 24°06 | 7°44 | 0°72 | 6°74 | 2:06 | 1°62 | 2°66 
Wheat, grain 19°7 | 6°14] 0°44] 0°66 | 2°36 | 0°26 0°07 | 0°42 | 0°04 
Wheat, straw | 53°7| 7°33/ 0°74] 3°09 | 1°33 | 0°33 
Potato tubers | 37°7 | 22°76 | 0°99 | 0°97 | 1°77 | 0°45 
0 
6 


6 

9 

2°58 | 1°32 | 36°25 | 0:90 

6°53 | 2°45 | 0°80/ 1°17 
Apples 14°4|) 5°14|3°76| 0°59 | 1°26 | 0°20/ 1 
Peas (the seed) | 27°3 | 11°41 | 0°26 | 1°36 | 2°17 | 0°16 | 9 


95 | 0°95 | 0°24} 0°42 


These constituents of the ash do not form a merely accidental 
mixture; it has been proved by experiment that certain inorganic 
matters are absolutely necessary to the life of the plant. Those 
elements which the plant requires for its nutrition, and which must 
therefore be regarded as part of its food, are :— 


I. Those forming the organic compounds. Carbon, Hydrogen, 
Oxygen, Nitrogen, and Sulphur: 


Il. Those forming the inorganic compounds. Phosphorus, Chlorine, 
Potassium, Calcium, Magnesium, Iron. 


Besides these we find in the ash of many plants—though they 
cannot be regarded as essential to nutrition—the following elements : 

Sodium, Lithium, Manganese, Silicon, Iodine, Bromine, and in rare 
eases, also Aluminium, Copper, Zinc, Cobalt, Nickel, Strontium, and 
Barium. 
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Fluorine must also exist in vegetables, for it is found in a percep- 
tible quantity in the dentine of animals which feed directly or in- 
directly on vegetables. 

§ 33. The Absorption of Carbon. The source from which 
all plants containing chlorophyll derive their carbon is simply and 
solely the carbonic acid of the atmosphere (or in the case of sub- 
merged plants, that which is held in solution by the water), which is 
decomposed under the influence of light by the cells which contain 
chlorophyll. If a water plant (e.g., a leaf of Potamogeton natans, 
or a portion of the stem of Elodea canadensis) be placed in water 
which holds carbonic acid in solution and be exposed to sunshine, it 
will be seen that from the cut surface of the leaf or stem bubbles of 
gas are given off at regular intervals 
(Fig. 66). These consist of oxygen. 
The carbonic acid is in fact decom- 
posed in the chlorophyll corpuscles 
in such a way that part of its 
oxygen is restored to the atmos- 
phere, whilst the residue combines 

with the elements of water to form 
Rr Feed Lae ohtae } agin organic compounds, which therefore 
stem ; g a weight that keeps the stem in its contain carbon, hydrogen, and Oxy- 
aL the gas-bubbles rising from the cut pen; the last, however, in smaller 

quantity than carbonic acid (C O,). 
* Since almost all the constituents of the food of plants (and not 
carbonic acid only) are compounds which are rich in oxygen, contain- 
ing, in fact, for the most part the maximum proportion of that element, 
and since the products formed within the plant itself are all very 
poor in oxygen,—some of them being wholly destitute of it,—it is a 
necessary inference that in the course of nutrition considerable quan- 
tities of oxygen must be evolved. ; 

The first organic compound which can be detected as a product of 
assimilation is in most plants Starch (Cs Hy O;), which makes its 
appearance in the chlorophyll-corpuscles in the form of minute 
granules ; sometimes grape-sugar is formed instead. A certain tem- 
perature and the co-operation of light are both indispensable to this 
process ; in the dark no oxygen will be eliminated, and the formation 
of starch-grains in the chlorophyll-corpuscles will also be no longer 
observable. Of the different rays which compose the solar spectrum, 


the least refrangible, and particularly the yellow rays, have the most — 


effect in promoting this process. The organs which are adapted for 


ee 
7. 


§-§ 33-34.] CHAPTER I.—CHEMICAL PROCESSES IN PLANTS. 71 


the function of assimilation are those which are rich in chlorophyll, 
particularly the foliage-leaves. 

No carbon is assimilated by green plants in any other way ; except- 
ing this particular process, there is no instance in all nature of the 
conversion of carbonic acid into organic compounds which contain 
a smaller proportion of oxygen; hence all carbon, even that contained 
in the organic compounds of the animal body, is derived from the 
carbonic acid decomposed in the chlorophyll-corpuscles. 


A number of plants which are not furnished with chlorophyll—for 
instance, all Fungi and a few of the higher plants, as the Dodder 
(Cuscuta), Orobanche, and Monotropa—are unable, in consequence of 
its absence, to decompose carbonic acid; hence they are compelled to 
derive their organic compounds directly from other living plants, or 
from the decomposing remains of other organisms (humus): in the 
former case they are said to be parasites (e.g., Cuscuta, Orobanche) ; 
in the latter they are called saprophytes (e.g., Mushrooms, Neottia, 
Monotropa, etc.). 


§ 34. Metabolism. The substance formed in the chlorophyll- 
corpuscles—that is, starch, in the majority of plants—constitutes 
the raw material from which all the other organic substances of 
the whole plant are elaborated. In this process of elaboration, 
the combined nitrogen and the inorganic substances absorbed from 
the soil, and the oxygen taken up from the atmosphere, are also 
concerned. ‘The starch-grains (or their physiological equivalent) are 
continually being absorbed and removed from the chlorophyll-cor- 
puscles. Under normal vital conditions, when the plant is exposed 
to the light, the formation of starch is in excess of the immediate 
consumption, so that starch-grains are always to be found in chloro- 
phyll-corpuscles ; but if the plant be placed in the dark, the starch- 
grains gradually disappear. 


Of all the substances which are elaborated in the plant, those are 
the most important which contribute to form the substance of the cell- 
walls and of the protoplasm ; they are spoken of as plastic substances. 

The cell-walls consist of cellulose, C, H,, O;. It has been shown 
that Starch, Sugar, and Inulin, which have a similar chemical consti- 
tution, as well as fatty matters, all serve as material for the formation 
of cellulose, and are thus the plastic substances for the cell-walls. 

The protoplasm consists essentially of albuminous substances 
(proteids), which all contain nitrogen and sulphur; such albuminous 
substances and other nitrogenous compounds, as asparagin, constitute 
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the plastic materials for the protoplasm and allied structures, such as 
the chlorophyll-corpuscles. 

The plastic substances are not consumed at once in the organs in 
which they are formed, but they are generally utilised in other parts of 
the plant and at a later period : hence they are stored up for a time, 
sometimes for a long time, in considerable quantities in special organs, 
and are then called reserve-materials. The seeds of all plants are organs 
for the storage of such reserve materials; they contain, besides the 
embryo, the nutritive substances which it requires during the first 
stages of its development. Tubers are also such organs, and thickened 
roots (Potato, Dahlia-tubers, Turnips), as well as the persistent parts 
of perennial plants, such as the rhizomes of herbaceous plants, certain 
parts of the tissue of the branches and trunks of trees and shrubs, 
and in evergreen plants, even the leaves themselves. 

Potato-tubers, for instance, contain, as is well known, a great quan- 
tity of starch ; when the buds grow out into shoots, and new plants 
begin to be formed, the starch disappears in proportion as new cell- 
walls are developed. In the same way the starch of the seeds of 
cereals, the cane-sugar of the beet-root, the inulin of Dahlia tubers, 
the fatty oil of the seeds of the Rape, the Pumpkin, the Sunflower, 
and other plants, is used up in the formation of the cell-walls of the 
new plant. Certain layers of cells, particularly the cells of the medul- 
lary rays of trees, contain, in the winter a quantity of starch which is 
absorbed and consumed during the spring when new shoots are 
developed. Cellulose itself occurs as a reserve-material in the seeds 
of the Date and other Palms; the remarkably thickened walls of 
endosperm-cells are absorbed during germination, and subserve the 
growth of the seedling. The proteid-grains (aleurone) described in 
§ 15 are the albuminous reserve-materials of the seed. 

If seeds are made to germinate, or if shoots grow out from other 
deposits of reserve material, as Potatoes and the like, in the dark, no 
fresh formation of plastic substances can take place so that the whole 
of the newly-formed cells are developed at the expense of the reserve- 
materials ; thus the degree of development reached by plants grown in 
the dark depends on the supply of reserve-materials, which varies in 
different plants. For instance, if the tiny seed of the Tobaceo ger- 
minates in the dark, only a minute seedling is developed, while a 
potato-tuber or a beet-root can nourish large plants. 

The plastic substances which are stored up as reserve-material 
undergo a series of changes before they attain their final form, which 
may be cellulose, or the proteid of protoplasm. The plastic materials 
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for the cell-walls, whether they are deposited as starch, cane-sugar, 
inulin, fatty oils, or cellulose, are always in part changed into grape- 
sugar, which is conveyed in solution through the parenchymatous cells 
by diffusion to the spot where it is to be utilised,—-that is, to the place 
where the new cells are being formed. Very frequently a temporary 
deposition of it in the form of starch occurs in the conducting tissues, 
more particularly in the bundle-sheaths. 

_ The intermediate forms assumed by the albuminous reserve-sub- 
stances are but little known. These substances appear generally to 
travel slowly through the thin-walled elongated cells of the phloém, 
but in some plants asparagin appears as an intermediate form, which 
travels through the parenchymatous tissue. 

The starch of the chlorophyll-corpuscles is conducted, in the same 
way as the starch of the reservoirs of nutriment, to the spot where it 
is to be utilised, partly in promoting the growth of the new organs, 
and partly in being stored up in one of the depositories in the form 
of one of the above-mentioned substances. 

A great number of compounds of carbon occur in plants, which 
stand in no direct relation to the development of new cells; they are 
the by-products of metabolism, which are formed partly as an inevit- 
able result of the various changes effected in the different plastic 
substances, and partly also in connexion with the performance of 
functions which are at present in great measure unknown. Among 
these by-products are Tannin, Colouring matters, Acids, Alkaloids, 
Volatile Oils, &c. They also are formed from the reserve-materials, 
which are therefore never entirely consumed in the construction of 
new organs. 

Finally, the products of degradation are the last terms of the series 
of changes expressed by the word metabolism. They can undergo no 
further modification in the organism, and they have been formed from 
its organised constituents. To these belong most kinds of gum. In 
Gum Tragacanth, which is excreted by many species of Astragalus, 
the organisation of the cell-walls is plainly perceptible; they have 
become capable of swelling-up enormously. Cherry Gum is formed in 
the same way from cell-walls which have become difluent, but it is 
not soluble in water. Gum Arabic, which is formed by several kinds 
of Acacia, consists of cell-walls which have been so greatly changed 
as to be absolutely soluble in water. 

§ 35. The Source and Significance of the other Con- 
stituents of the Food. All the nutriment of plants, with the 
exception of carbonic acid, is derived from the soil, 
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The Hydrogen of the organic compounds is obtained by the decom- 
position of the water which permeates every part of the plant, and is 
constantly being absorbed from the earth. 

Nitrogen, which is an essential constituent of albuminous substances, 
is never assimilated in a free form; although it is present in large 
quantities in the atmosphere, a plant perishes if the soil in which it 
grows contains no compounds of nitrogen. Nitrates and compounds 
of ammonia are widely distributed, and it is in this form that nitrogen 
is taken up by the plant. 

The small group of carnivorous plants, such as Drosera and 
Utricularia, have a special means of obtaining nitrogenous food; by 
their leaves they capture small insects, &c., and absorb compounds of 
nitrogen from them. 

Sulphur, which is a constituent of albuminous and a few other 
substances occurring in plants, such as oil of Mustard, is derived 
from the sulphates of the soil. Probably the formation of crystals 
of oxalate of lime is connected with the decomposition of the absorbed 
sulphates: the oxalic acid of the plant combines with lime to form 
oxalate of lime, liberating sulphuric acid which then undergoes 
further decomposition. 

Phosphorus is a constituent of the phosphoric acid which is always 
found associated with the albuminous substances, and which seems to 
stand in some close relation to them; phosphates constitute a large 
proportion of the ash of seeds. 

Iron, though it is met with in very small quantities, is absolutely 
necessary for the formation of chlorophyll, and therefore also for the 
formation of starch. The leaves produced by plants which are 
not supplied with iron during their growth are white so soon as 


their own store of iron is exhausted ; these leaves, which are said to 


be chlorotic, become green in consequence of the formation of chlo- 
rophyll, if the soil be supplied with iron, or even if their surface only 
is washed with a very weak solution of iron. 

Potassium is found in the form of salts combined with various 
organic acids, as tartaric acid, racemic acid, and oxalic acid. Unless 
the soil contains potassium, no formation of starch can take place in 
the chlorophyll-corpuscles; further, the potassium salts must bear some 
relation to the plastic materials of the cell-walls, since they are found 
for the most part in those portions of plants which are rich in starch, 
sugar, or similar substances, as in potatoes, beet-roots, and grapes. 

Calcium and Magnesium have been shown to be necessary to the 
normal development of plants, but nothing beyond this is accurately 
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known as to their function. They occur as salts of lime and 
magnesia in combination with both organic and inorganic acids. 

As regards Chlorine, it has been experimentally proved so far to be 
indispensable in the case of one plant only, the Buckwheat (Polygonum 
JSagopyrum ). 

It has been discovered by experimental cultures, that a plant can 
be perfectly nourished if it is supplied with all those elementary 
substances which have been enumerated as essential. This might be 
done, for instance, by supplying it with either of the two following 
groups of chemical compounds : 


SA 2. 
Calcic nitrate Calcic nitrate 
Potassic nitrate Ammonic nitrate 
Potassic superphosphate Potassic sulphate 
Magnesic sulphate Magnesic phosphate 
Ferrous phosphate Ferrous chloride. 


Sodic chloride. 


In these two mixtures, as well as in others of the same acids and 
bases which might be formulated, all the essential elements are in- 
cluded in forms suitable for absorption. 


§ 36. The non-essential Constituents of the Ash. 
Silica, a compound of silicon and oxygen, is distinguished from the 
previously-mentioned constituents of the ash, not only in that it occurs 
sometimes in greater and sometimes in smaller quantities, but more 
particularly in that the amount of it present in any organ increases 
with the age of the organ. Hence it may be inferred that it can 
hardly stand in any direct relation to the chemical processes of nutri- 
tion. Moreover, plants which are usually rich in silica can be brought 
to an apparently normal development under conditions which render 
the absorption of silica impossible. 

Todine and Bromine are found in many marine plants, especially in 
Alge, and are prepared from them; it is not known if they are of 
any value in the economy of the plant. 

Sodium, being universally distributed, is found in plants. 

Lithium occurs in the ash of several plants, particularly of Tobacco. 

Zinc, Copper, and other metals, though they are not commonly 
present in the ash of plants, are nevertheless taken up by plants from 
soils which are rich in them; from this it appears that plants may 
absorb substances which are not necessary for their nutrition. 
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§ 37. The Absorption of the Constituents of the Food 
from the Soil. With the exception of floating water-plants, which 
derive the whole of their nutriment, even their carbonic acid, from 
the water which surrounds them (e.g., Utricularia), most plants grow 
in damp, or in dry, porous soil, from which they absorb all their 
nourishment except carbonic acid. The organs by which this is 
effected are the roots, or, in rootless plants, hairs, shoots, or branches 
of the thallus, which take the place of roots. The epidermal cells 
and (Fig. 67 h) root-hairs come into close 
contact with the minute particles of the soil, and 
with the water which adheres to these particles. 
Some nutrient substances are held in solution in 
the water of the soil, and pass directly into the 
root-cells by diffusion; others are decomposed 
by the acid sap which is contained in the cells 
and which saturates even their cell-walls, and they 
then pass into the plant in the form of salts of 
organic acids. If a plant is allowed to grow 
over a plate of polished marble, the calcic carbonate 
is decomposed at those parts of the plate which 
are in direct contact with the roots, and a complete © 
Ww outline of the whole root-system is produced upon 
the marble. Finally, a third group of nutritious 
substances are so firmly retained by the soil that 
rice cy Pepa area they cannot be dissolved out of it by water, but 
(w) of a germinating they are nevertheless absorbed by the plant. The 
ae tate fo ane plant is enabled to take up these as well as other 
Fagopyrum); he hypo substances which occur in a solid form, by the 
cotyledonary portion; very intimate connexion of the root-hairs with the 
e cotyledons, : . ; , 

particles of the soil. If a strongly-growing plant 
be pulled up out of the ground, those parts of the root which are 
provided with hairs—neither the apex nor the oldest portion—will be 
seen to be closely covered with earthy particles which cannot be 
- removed without tearing the hairs. 

It has been found that the ash of plants which grow close together 
in the same soil or in the same water, may have a composition which 
is different in different cases, and which is different also from that of 
the soil; hence it has been inferred that plants have a certain power 
of selection, that they can absorb certain matters and reject others. This 
phenomenon can, however, be more simply explained by the known 
laws of diffusion, A substance which is held in solution by the 
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medium which surrounds the plant will continue to diffuse into the 
cells of the roots until equilibrium is set up between the two fluids 
separated by the membrane, and this is equally true of those substances 
which are at once absorbed by the plant as of those which are brought 
into solution by it before absorption. If the substance is not con- 
sumed in the plant and consequently remains unaltered, the state of 
equilibrium once set up is permanent, and no more of that substance 
will be absorbed; but if it is consumed in the plant, undergoing 
chemical change in the process, it ceases to exist in the plant in its 
original form, and fresh supplies will be constantly absorbed. Since 
these chemical changes differ in different plants, it is possible to 
account in this way for the variety in the composition of the ash of 
plants which have grown side by side. 

The fact that certain constituents of the ash are indispensable to 
the life of plants is of the greatest importance in agriculture. All 
the constituents of the ash, as well as the nitrogenous compounds, 
are removed every year in considerable quantities from the soil at the 
time of harvest. Those which exist in the soil in relatively small 
quantity, such as phosphoric acid and compounds of potassium and 
of nitrogen, must be restored to it: this restitution is the object of 
manuring. 


§ 38. Oxygen; the Respiration of Plants. In the 
process of nutrition a large quantity of compounds of oxygen is 
being constantly introduced into the plant; and, since the assimilated 
substances which are formed from the compounds are very poor in 
oxygen, it follows that during assimilation a considerable portion of 
the oxygen absorbed in a combined form must be liberated and 
evolved by the plant. In contradistinction to this process—which 
is effected exclusively in the cells containing chlorophyll and under 
the influence of light—all the parts of a plant, at all times, take up 
oxygen from the atmosphere and give off carbonic acid. This process 
is Respiration, which must be clearly understood to be quite distinct 
from the process of the formation of starch. The fact that plants decom- 
pose carbonic acid in the one process, and form carbonic acid in the 
other, and continue at the same to increase in weight and accumulate 
carbon-compounds, can be simply explained thus—that the respiration 
of plants is usually feeble, while the formation of starch under 
favourable circumstances is extremely active. Plants which grow in 
the dark, and therefore cannot form starch, must necessarily lose weight 
and at length perish. The more vigorous growth is the more vigorous 
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is respiration. 


[s 38, 


It is absolutely indispensable to the life of the plant ; 


in an atmosphere deprived of oxygen all the vital processes are 


Fic. 68.—Apparatus for de- 
tecting the rise of temperature 
in small opening flowers or ger- 
minating seeds. The seeds are 
heaped as closely as possible in 
the funnel r which is inserted 
into the mouth of a bottle con- 
taining a solution of caustic 
potash. This absorbs the car- 
bonic acid produced by respira- 
tion. The whole is enclosed in 
a glass vessel, and a delicate 
thermometerisinserted through 
the cotton wool which closes 
the mouth. The bulb of the 
thermometer is plunged in 
among the seeds. The tempera- 
ture in this apparatus will be 
higher than in another arranged 
in the same way for comparison, 
and in which the portions of 
the plant are replaced by scraps 
of paper, &c. 


taining oxygen, 


suspended, the movements of the protoplasm 
cease, the irritability of sensitive leaves dis- 
appears, as in Mimosa, Oxalis (see § 50), and 
at last the death of the plant takes place. 
By respiration force is obtained, and new 
chemical processes are initiated. 

As in all other processes of oxidation, heat 
is set free by respiration in plants; but as 
other conditions lead to rapid cooling, no rise 
of the temperature is usually observable as 
the result. A rise of temperature is perceptible 
in special cases only, in which respiration is 
very active, and in which the conditions are 
unfavourable to rapid cooling, as in the ger- 
mination of seeds which lie very closely 
together, e.g., the seeds of barley in the process 
of malting ; this consists in causing the barley 
to germinate by moisture and warmth, so that 
the starch which the seeds contain may be 
converted into sugar; during this process a 
perceptible rise of temperature occurs. During 
the blossoming of many infloresences, as, for 
instance, of Aroids, a rise of temperature 
amounting to 4°, 5°, or even 10° above that of 
the air has been observed. By means of suit- 
able apparatus (see Fig. 68) a similar rise of 
temperature may be detected in other plants, 
even with quite small flowers, as well as during 
the germination of seeds. 

Finally, in the few cases in which Phospho- 
rescence has been proved to occur in living 
plants, as in various Fungi, e.g., Agaricus 
olearius ; this phenomenon is intimately 
connected with the taking up of oxygen; 


it only occurs so long as the Fungus lives. 


and is surrounded by an atmosphere con- 


The old statements as to the phosphorescence of 


certain flowers have not been confirmed. . 


_ 
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CHAPTER IL. 
THE MOVEMENT OF WATER AND OF GASES IN PLANTS. 


§ 39. The Slow Movement of Water in the Processes 
of Growth and of Nutrition. A potato-tuber, even if kept 
quite dry, will sprout under the influence of a sufficiently high tem- 
perature, and in proportion to the growth of the shoots, the tuber will 
become flaccid and wither, beginning at the more remote parts, in 
consequence of loss of water. This water is not only of use in that 
it dissolves nutrient substances and thus renders possible their trans- 
port to the apex of the growing shoot, but it is itself of use in the 
process of growth; for not only are solid particles of cellulose deposited 
in the growing cell-walls, but also a certain quantity of water; and 
moreover, the vacuole of the growing cell containing cell-sap also 
increases in size. The water which is indispensable for these purposes 
is gradually absorbed from the more remote portions of the tuber. 
As a consequence, if the tuber be kept dry, it will gradually become 
flaccid and withered ; but if it les in damp earth, it takes up water 
from the soil, and thus water is conveyed with the nutrient materials 
to the growing parts. Water is similarly conveyed to the developing 
buds of trees, to the growing-points of seedlings, and generally to all 
growing parts of plants, from the nearer parts in the first instance, 
then from the more distant, and finally from the external medium. 
This water travels slowly from cell to cell; as the equilibrium between 
the individual cells is destroyed by the consumption of water in the 
growing cells, the water from the more distant portions of the tissue 
is absorbed to restore it. 

§ 40. Transpiration. Every part of a plant which is exposed 
to the air and which is not covered by thick layers of cork, is con- 
stantly losing water by evaporation into the atmosphere. If a stem 
bearing leaves be placed under a bell-jar at a sufficiently high tempera- 
ture, the glass will be soon covered with drops of water, in consequence 
of the condensation of the vapour given off by the plant. Transpi- 
ration is naturally the more energetic the higher the temperature and 
the drier the surrounding air. ‘This loss of water is compensated by 
the absorption of water from the soil by the roots and its conveyance 
to the transpiring organs of the plant. On particularly hot days it 
sometimes happens that the leaves of trees and herbaceous plants lose 
more water than their roots can replace, and they droop and wither, 
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This drooping occurs conspicuously in parts of plants which have 
been cut off. The transpiration varies in quantity according to the 
special organisation of the plant and of its separate parts. The stems 
of most woody plants and trees are almost entirely prevented from 
transpiring by thick layers of cork, and transpiration is small in such 
stems and leaves as are covered with a thick cuticle, as the leaves of 
Agave, the stems of Cactus, and similar plants; these when cut off 
wither slowly, and they can thrive in a very dry soil. Tender leaves, 
on the contrary, in which the cuticle is but slightly developed, as those 
of Tobacco and Pumpkin, wither as soon as they are removed from 
the plant, or if the soil becomes too dry. 

The stomata affect the transpiration of the plant inasmuch as they 
are the external openings of the intercellular spaces into which trans- 
piration takes place from the neighbouring cells, and from which the 
watery vapour escapes into the external air. 

§ 41. The Movement of Water through the Wood. 
The water given off by transpiration is conveyed to the transpiring 
organs from the roots through the wood. If a ring of cortex be cut 
away from a tree so that all conduction through the cortex is inter- 
rupted, the leaves will not wither so long as the wood is uninjured ; 
water is still conveyed through it to them. If a cut branch be placed 
in a solution of some colouring matter such as Anilin, the colouring- 
matter rises through the wood with the water. That the lignified 
cells of the xylem serve for the conduction of water is also confirmed 
by the fact that submerged water-plants which can have no transpira- 
tion have no woody elements in their xylem. In the summer, at the 
very time when transpiration is most active, the wood-cells contain 
air; hence the water must travel, not through the cavities of the cells, 
but in the cell-walls, or probably on their surfaces. The cut stems of 
many plants which are actively transpiring wither very rapidly, and 
when placed in water take it up only very slowly; this arises from 
the circumstance that section in air diminishes the conducting capacity 
of the cut surface: if a portion be cut off from such a stem under 
water, water is immediately conveyed upward, and the upper portion 
recovers its turgidity. If water be forced into the stem, the same 
effect is produced. 

The water which rises through the wood-cells to supply the place 
of that which is lost by transpiration, is taken up by the roots ; hence 
the compensation depends on their activity ; if the activity be in any 
way impaired—for instance, if the soil be too much cooled—absorption 
is diminished and the plant withers: again, a plant when newly 
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transplanted droops for a time, because the roots are incapable of 
taking up the requisite amount of water, until a new growth of 


hairs enables them to become closely attached to the particles of 


the soil. 

Leaves and stems are not capable of absorbing watery vapour from 
a moist atmosphere, or water when poured over them. It is, however, 
very evident that drooping plants recover their turgidity when they ~ 
are wetted by dew or rain, or if the air be moist. This is the result 
partly of an increased supply of water derived from the moistened 
earth, and partly of a diminished transpiration in consequence of the 
dampness of the atmosphere. | 

§ 42. The Root-pressure. It is an old observation that 
Vines when pruned bleed, as it is called, in the spring—that is, that 
water escapes from the cut surfaces; closer investigation has shown 
that this water exudes from the openings of the large vessels. 
A similar bleeding may be observed in several trees, as the Birch 
and Maple, as well as in all woody shrubs which are growing vigo- 
rously and which are provided with a well-developed root-system. 
If the stem of a Sunflower or of a Tobacco plant be cut off a few 
centimetres above the ground, and if evaporation from the cut surface 
be prevented, an out-flow of sap will begin after a time, which may 
continue for several days. This water is absorbed from the soil and 
forced up into the plant by the roots often with a force capable of 
supporting a column of mercury of considerable height. This root- 
pressure sometimes gives rise to the exudation of drops of water from 
different parts of plants, for instance, from the tips of the leaves of 
many Aroids, and from the teeth of the leaves of Alchemilla vulgaris ; 
in the latter instance it may be observed on almost any summer morn- 
ing, and it is usually mistaken for dew. In a dry atmosphere the 
formation of drops is prevented because the water forced up from the 
roots is at once evaporated. 
_ In herbaceous plants the water forced up from the roots contains 
only a few salts in solution; in the Vine and some trees it usually 
holds various organic substances, and particularly sugar, in solution. 

This movement of water, effected by the root-pressure, is particu- 
larly conspicuous in the spring, and generally at the period of most: 
vigorous growth. In plants which have been transpiring vigorously 
no water exudes from the cut surface in connexion with the root 
when the stem is cut through, until after a certain lapse of time, when 
the roots have taken up a fresh supply of water. This proves, in the 
first place, that there is no root-pressure in plants which are actively 
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transpiring, and consequently that the root-pressure does not supply 
the water lost by transpiration. 

A brief consideration of the phenomena which have been described 

will show that there are three distinct modes in which water moves in 
the living plant; of these, two are effected by a sort of suction pro- 
ceeding from the spot where the water is being used, namely: (a) the 
slow movement of the water in the processes of growth, and () the 
passage of water through the wood to compensate for the loss by 
transpiration. The third motion (c) is caused by pressure from the 
roots upwards, independently of any consumption. It must, however, 
be assumed that absorption is constantly going on at the surface of 
the roots, and that the internal tissues are so arranged that the water 
which is absorbed can be forced upwards. 
_ In winter, the wood-cells contain water together with larger or 
smaller bubbles of air; hence it happens that if a hole be bored into 
a tree in winter, when the temperature is rising, the water is driven 
out by the sudden expansion of these air-bubbles; if, on the other 
_hand, the temperature is falling, their contraction causes an absorption 
of water. 

§ 43. The Movement of Gases in Plants. We have seen 
that every vegetable cell takes up oxygen, and that the cells which 


contain chlorophyll consume carbonic acid. Now these gases, in order | 


to reach the interior of the cells, must penetrate the cell-walls, and 
this is effected by diffusion; they are dissolved by the water which 
saturates the cell-walls, and are conveyed by it to the point where 
they are to be consumed, In like manner the cells lose by diffusion 
the gases evolved within them; oxygen as a product of the decom- 
position of carbonic acid, carbonic acid as a product of respiration. _ 

Not only do gases thus circulate by diffusion but they also move freely 
in the air-passages which usvally occur in the tissues of plants; such as 
the intercellular spaces, the vessels (at any rate in summer), and the 
cavities formed by rupture, as in the stems of Grasses, Umbelliferze, 
&c. These all communicate with each other and, in terrestrial plants, 
with the outer air by means of the stomata. If air be forced into a 
leaf which has a large number of stomata—for instance, by placing 
the blade of the leaf in the mouth and closing the lips tightly round 
the petiole—bubbles of air will be seen to escape from the cut surface 
of the petiole, if it be placed in water, which come out of the openings 
of the vessels. ‘The converse of this experiment is not equally suc- 
cessful, because the stomata of the leaf when immersed become closed 
by water held by capillary attraction. 
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A constant interchange is always going on by diffusion between the 
air contained in these spaces and the contents of the cells; the com- 
position of the air is thus continually changing, and currents are set 
up between it and the outer air. This movement of the air in the 
internal cavities is promoted by the swaying of the plant under the 
influence of the wind, as well as by variations of temperature. 

Submerged water-plants have very large cavities filled with air, 
which do not communicate with the atmosphere by stomata ; an inter- 
change of gases cannot take place directly between the individual 
cells and the atmosphere, but it takes place partly between the cells 
and the surrounding water which holds gases in solution, and partly 
between them and the air contained in the air-chambers. The gases 
frequently collect in these chambers in such volumes as to set up a 
pressure sufficiently great as to rupture the surrounding tissues. 


CHAPTER III 
GROWTH. 


§ 44. The Process of Growth. Plants and their organs 
grow, that is, they increase in bulk and at the same time. alter in 
form; these changes, which are permanent, are brought about by 
internal processes. A portion of a plant which has become withered 
increases in volume when placed in water, but this is not growth; for 
if water be again removed from it, it returns to its former dimensions, 
and evidently no permanent change had been effected. But the case 
is quite different with a ripe seed ; if it be supplied with water it will 
germinate, that is, the embryo contained within it will begin to grow, 
and will escape from it. In this case permanent changes have taken 
place, and consequently no removal of water will restore the seed to its 
former condition. 

The mostimportant of the internal processes which directly cause these 
permanent changes, is the intercalation of new particles of solid matter 
as well as of water in the growing cell-walls, by means of the protoplasm. 

The presence of plastic material is an indispensable condition of 
growth, but this does not necessarily imply that the nutrition of a 
growing plant depends upon the simultaneous absorption of nutritious 
matters from without; on the contrary, the young growing parts of a 
plant are usually supplied with plastic material from the older parts, 
which have ceased to grow. These older parts may be reservoirs of 
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nutriment, as the tubers of the Potato, or they may be factories of 
nutriment as the leaves in annual plants, e.g., the Tobacco; here the 
full-grown leaves form starch, and the stem and young leaves grow at 
the expense of the plastic material thus elaborated. 

A second indispensable condition is the presence of water. This - 
-is required not merely to enter into the formation of the cell-wall, but 
to maintain the cells in a state of Turgidity, without which growth is 
impossible. The turgid condition is brought about by the endosmotic . 
absorption of so much water that the elastic cell-wall is rendered 
tense by the hydrostatic pressure. As a consequence, the solid par- 
ticles composing it are forced as far as possible apart from each other, 
the intermediate fluid areas are enlarged, and the intercalation of 
additional solid particles is rendered possible. 

§ 45. The Growth in Length of Stems, Leaves, and 
Roots. Growth is brought about by internal causes; there are 
parts of plants which, when they have attained a certain size and 
shape, are incapable of any further growth; others, as the nodes of 
Grass-stems, may begin to grow again under certain circumstances. 
Growth is influenced by external conditions, such as moisture, warmth, 
light, and gravitation. It will be advantageous: to study, in the first 
place, the course of growth when it is not affected by these external 
influences. Of this, the roots offer the simplest examples. Ip a growing 
root three regions may be distinguished : 

I. The growing-point, where new cells are being formed in great 
numbers from the primary tissue (meristem) by repeated division, but 
where no considerable increase of their size takes place. 

II. The elongating portion, that is to say, the part in which growth, 
chiefly in length, is taking place ; in this region the cells are increas- 
ing considerably in size, and cell-division occurs only in relatively 
small proportion. 

Il. The fully-developed portion, in which various modifications of 
the cells take place, but no further growth. 

Stems which attain a considerable length grow much in the same 
way as roots; in them also, as in roots, a mass of cells is formed by 
division at the apex, which undergo elongation at a lower level, and 
at a still lower cease to grow altogether. When, however, a stem 
possesses clearly-defined internodes (see above, § 2), a farther complica- 
tion takes place, for within each internode similar stages of growth are 
exhibited ; moreover, the nodes cease to lengthen at an early stage, 
whereas the internodes continue to grow for some time. 

Most leaves consist at first of primary tissue, the cells of which 
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are undergoing division ; they attain their full development in different 
ways, but in all cases no part of the primary tissue remains as a grow- 
ing point so as to provide for continued growth. These three stages, 
the preparatory, the growing, and the final, are successively gone 
through by each individual cell. So soon as it has been formed from 
the primary tissue, it begins to elongate in order to attain its definitive 
length. It grows at first slowly, but the rapidity of its growth 
gradually increases until at a certain period the maximum is reached ; 
it then gradually diminishes, and the cell finally ceases to grow. 
This periodicity of growth is coincident in all the cells which le at 
the same level, so that in a growing part of a plant there is a certain 
zone where growth is most vigorous, and on each side of it the 
rapidity diminishes. | 
Every part of a plant exhibits a grand period 
in the rapidity of its growth: it begins to grow 
slowly; at a certain time it grows with a 
maximum rapidity; after this the rapidity of 
growth gradually diminishes until the whole 
organ is fully developed. Apart from the in- 
crease and diminution in the rapidity of growth, 
the time must be taken into account during 
which an organ can continue to grow, as well 
as its capability of attaining a certain length. eo. 69.— ‘The growing 
For instance, it is easy to observe that the Primary root of the Pea in 
‘3 Z two stages. A The root is 
lower internodes of most stems remain short; marked by lines at equal dis- 
that those above them are longer; that those tances. In B the differences 
of a certain part of the stem are the longest ; Bich wate : ped annie 
and that the upper ones again are short. In lines have not been sepa- 
the same way the size of the leaves attached to ante ig rice 
these various parts of the stem increases from likewise are still close toge- 
below to about the middle and then diminishes. sya ss ate i ae 
§ 46. The Properties of Growing begun. In the intermediate 
Parts. If a stem which has ceased to grow 7n¢ the elongation has been 
rn very great. 

in its lower portion, but which is still growing 
at its upper part, be strongly bent, on being released the fully-grown 
portion will resume its original position, whereas the growing part will 
retain the curvature given to it. From this it appears that the grow- 
ing parts of a plant are highly flexible but imperfectly elastic. This 
explains the following experiment: if a sharp blow be given to the 
lower rigid part of a growing shoot of the Meadow Thistle (Cirsium 
oleraceum), for instance, or to a strong shoot of the Raspberry, the upper 
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growing portion becomes sharply curved ; this curvature persists after 
the shoot has come to rest, in such a way that the apex is inclined 
towards the side from which the blow came. 

If a growing internode be divided longitudinally down the middle, 
the two halves separate widely ; this is due to the fact that the pith 
tends to elongate more than the other tissues, and is prevented from 
doing so by them; as far as their extensibility allows, these tissues 
are stretched, and in this way tensions are set up. If the various 
tissues be completely separated from each other with a sharp knife, 
each will acquire a different length ; the pith becomes longer than the 
internode originally was ; the outer tissues retain the same length or 
shorten, in which case the epidermis contracts the most. 

§ 47. The Influence of External Conditions on Growth 
in Length. ‘The most important of these is Moisture. If the cells 
of an organ be not tensely filled with water (turgid), that organ will 
not grow at all. 

With regard to the dependence of growth upon Temperature, it is 
to be observed that the more favourable the temperature the more 
rapid is the growth. In general, the account given in § 51 of the 
relations existing between temperature and the vital functions of the 
plant holds good with reference to growth. ! 

Light exercises a retarding influence on growth. It is an old obser- 
vation that those stems which develope in the dark—for instance, 
potato-shoots in a cellar—grow to a much greater length, that is, they 
have much longer internodes, than those which grow normally in the 
light. Plants which have grown in darkness, and which are therefore 
abnormal in form, are said to be etiolated. Their internodes are very 
long, their leaves are not green but yellow, and usually much smaller 
than the normal leaves; this is due to a morbid condition induced by | 
the absence of light, for the presence of light is an essential condition 
for the performance of certain important functions. The retarding 
action of light on growth also causes the curvature of stems which have 
been illuminated on one side only during their growth, as, for instance, 
in the case of plants grown in a window. ‘The feebler the light to 
which it is exposed, the longer will an internode become ; so, when 
the light comes from one side only, the side of the stem most remote 
from the source of light is more feeoly illuminated, and consequently 
grows longer than that which is nearer to the source of light; as a 
necessary consequence, the stem will curve in such a way that the 
concavity is directed towards the source of light. This property, 
which is exhibited by most organs, is known as positive heliotropism. 
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Petioles are always positively heliotropic, and when illuminated from 
one side only, they curve in such a manner that the upper surface of 
the lamina is always turned towards the light; in this process, how- 
ever, other properties also take part. In contrast to positive heliotro- 
pism, a negative heliotropism is exhibited by a few vegetable organs— 
e.g., the stem of Ivy and many roots—which curve away from the 
source of light in consequence of the more vigorous growth of the 
more strongly illuminated side. The nature of heliotropism is not 
yet perfectly known. 

Gravitation also influences growth: it is manifest that most stems 
and trees grow straight up from the earth’s surface at all parts of 
the globe, in the direction of a prolonged radius of the sphere; in 
the same way roots, and particularly primary roots, grow straight 
_ downwards, and branches and leaves grow outwards at certain angles. 
If a growing stem be placed in a horizontal position, the growing 
portion curves (Fig. 70 s) so 
that its upper surface becomes 
concave, its lower convex ; con- 
sequently the free endis directed 
upwards and continues to grow 
in a vertical direction. In the 
same way the growing end of 
a root laid horizontally curves 


downwards (Fig..70 w). Ifb Fic. 70.—Curvature caused by gravitation in 
( 8 ) y a seedling of the Pea placed horizontally; the 


means of appropriate apparatus darker outline shows the original line of growth ; 


] | t hich h ards ; the root 
Berminating seeds be caused to * tem which has curved upwards; w 
which has curved downwards. 


rotate round a centre in a hori- 
zontal plane (Knight’s machine), the roots obey the centrifugal force, as 
they do gravitation under ordinary circumstances, and grow away from 
the centre in the radial direction; while the stems, on the contrary, 
grow towards the centre, in opposition to the centrifugal force. That 
the force which determines the direction of growth of parts of plants 
under ordinary circumstances is in fact gravitation, is not only indi- 
cated by the coincidence of the direction of the growth of the axes 
of plants with the radius of the earth at all points of its surface, but 
it can also be proved by direct experiment. Thus if plants are 
withdrawn from the influence of gravitation by being made to rotate 
slowly so that at every moment the force of gravitation is acting upon 
them in a new direction, the effects produced by the action of gravi- 
tation in successive periods of time neutralise each other, the plants— 
roots and stems alike—will grow in indeterminate directions. 
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§ 48. Bilateral Structure of Plants. Many plants are so 
organised that their different surfaces do not grow equally ; thus in 
young leaves the under surface at first grows more vigorously than 
the upper, so that they lie folded over the end of the stem, and their 
subsequent unfolding is occasioned by a more vigorous growth of the 
upper surface. This unequal growth depends wholly on internal 
causes and not on external influences. Usually these phenomena are 
exhibited by two surfaces, and such portions of a plant are said to be 
bilateral. But there are also parts of plants which become bilateral 
under the action of external influences ; organs, that is, the surfaces 
of which grow unequally because they are not equally sensitive to the 
action of these external influences. 

The co-operation of the internal causes, that is, the tendency 
towards a bilateral structure, with external influences such as light . 
and gravitation, gives rise to the varieties of position which the parts 
of plants assume in nature, particularly the horizontal or oblique 
direction of stems, branches, leaves, lateral roots, and so on. 

It is by unequal growth that those movements are produced which 
are expressed by the word Nutation. If the movement takes place 
only from behind forwards, or from right to left, in consequence of 
the alternately more vigorous growth of the posterior or right side 
and of the anterior or left side, the nutation is simple; but if it 
occurs In every direction in consequence of the more vigorous growth 
of each side in succession, the nutation is said to be revolving. 

Revolving nutation is very conspicuously exhibited by elimbing 
plants, e.g., the Hop, Bean, Bind-weed, &c. (v. Fig. 15 B). So long 
as the growing end of such a stem does not come imto contact with a 
support, the revolving nutation carries it round in a eircle. H in 
the course of its nutation the anterior surface of the stem comes 
into contact with a support which is not too thick, the movement of 
nutation is altered m such a way that the apex of the stem, as it 
grows, will describe an ascending spiral around the prop as its axis; 
then the turns of the spiral become steeper and narrower, and cling 
tightly to the support. Most climbing plants twine to the left, that is 
to say, the spiral ascends from left to right; only a few, as the Hop, 
twine to the right. 

In climbing stems it is immaterial which surface comes into contact 
with the support: in this respect they differ from Tendrils, of which 
usually one side, the underside, is capable of becoming concave as the 
result of contact with a support. They curve in consequence of the 
contact, which acts upon them as a stimulus. As a result of the 
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curvature thus induced, fresh portions of the under surface are brought 
into contact with the support, and the curvature continues until at last 
the whole free portion of the tendril is wound round it. The stimula- 
tion which is effected by the pressure is propagated through the portion 
lying between the support and the base of the tendril: this portion 
then contracts and assumes the form of a cork-screw, thus drawing 
the stem close up to the support (v. Fig. 15 4s). These curvatures 
of climbing plants and of twining tendrils are accompanied by torsion, 
that is, by a twisting of the organ round its own axis of growth. 
Torsion may be produced in various parts of plants partly by external 
and partly by internal causes ; thus, to give one of numerous instances, 
horizontal or oblique branches with opposite decussate leaves may be 
found in which the leaves appear to be arranged in two rows only in 
consequence of the torsion which the internodes between the pairs of 
leaves have undergone. 

The alternate opening and closing of many flowers, such as the 
Crocus, is likewise an effect of bilateral structure. The lower parts 
of the petals are still in a growing condition and are highly sensitive 
to changes of light and of temperature, so that when the temperature 
is rising and the light increasing the inner side grows the faster and 
the flower opens; as the temperature and light diminish, the outer 
side grows the faster and the flower closes. 

§ 49. Growth in Thickness of Woody Plants. The 
processes of growth in the cambium which lead to an increase in size 
of the wood and of the bast (§ 26) are subject, like those of growth 
in length, to certain specific internal laws. Thus in the Yew, for 
instance, very small annual rings are formed ; its growth in thickness 
is very small in comparison with that of Willows, Poplars, Elms, &c. 
Again, the first annual rings of a young tree are much narrower than 
those subsequently formed. 

Growth in thickness is very obviously dependent upon the quantity 
and distribution of the nutrient substances formed in the leaves. 
If a tree loses many of its leaves—-as, for instance, when attacked by 
locusts—the formation of new wood is considerably diminished. 
The extent of the formation of new wood is not to be measured by 
the width of the annual ring, but by its cubic content; for it is clear 
that the same amount of material will give rise to rings, the width of 
which will vary with the diameter of the wood already in existence. 
Trees which bear branches and foliage down to the ground naturally 
have a larger supply of material for the formation of new wood in 
their lower than in their upper parts, and, as a consequence, the 
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increase in size and the breadth of the rings of wood are greatest 
below, so that the stem has a distinctly conical form. On the other 
hand, those trees which bear a crown of leaves at the apex of a long bare 
stem, even on the assumption that the material is equally distributed 
and that the growth in thickness is consequently uniform throughout, 
exhibit wider rings in their upper than in their lower part: the form 
of their stems is nearly cylindrical. 

The pressure exercised by the cortex, rendered tense by the growth 
in diameter of the wood, has an important influence upon growth in 
thickness. When this pressure is great, the increase of the wood is 
less than when the pressure is small. This explains the increase in 
thickness exhibited by trees when planted out, before any important 
extension of the foliage can have taken place. The cortex, which had 
hitherto been in moist air in a confined space, is now exposed to the 
sun and to dry air; it becomes brittle, and therefore can exert only a 
slight pressure. The pressure of the cortex has been shown experi- 
mentally to be the cause of the formation of spring- and autumn-wood. 
In consequence of the growth of the wood during the summer the 
pressure of the cortex becomes considerable, and as the result, a 
smaller number of vessels are formed in the wood, and the external 
layers of wood-cells become flattened. In the spring the pressure 
diminishes in consequence of the rupture of the cortex, which has 
become dry during the winter, by the wood which absorbs considerable 
quantities of water and therefore swells. That most trees cease to 
grow in thickness about the middle of August is to be attributed to 
the fact that the pressure of the cortex attains its maximum at that 
time. With reference to the relation existing between growth in 
thickness and temperature, it may be mentioned that the cambium of 


roots which have penetrated to some depth into the soil is active even’ 


in winter, 


CHAPTER TY. 
THE IRRITABILITY OF MATURE ORGANS. 


§ 50. The curvatures and movements which have hitherto been 
considered (§ 48) are only manifested so long as the organs in which 
they occur continue to grow. But there are many organs, particularly 
leaves, in different plants which perform movements even after they 
are fully grown. ‘The internal processes which produce them are 
highly complicated; they essentially depend upon an expulsion of 
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water, in consequence of stimulation, from the cells of one side of a 
particular part of the petiole, which is the actual motile organ. 

The full-grown leaves of many plants change their position morning 
and evening, so that a diurnal and a nocturnal position may be readily 
distinguished. In the nocturnal position the leaves are usually drawn 
together, in the day position, on the contrary, they are widely expanded. 
These movements are best known in the case of the Sensitive Plant 
(Mimosa pudica) ; the pinne of the leaves of this plant fold together 
upwards in the evening, whilst the leaf-stalk bends downwards. The 
motile organs lie at the bases of the rachis and petiolules. Similar 
phenomena may be observed in many other leguminous plants, 
such as the false Acacias and the Bean. The leaflets of the Wood- 
sorrel (Oxalis acetoselia) fall , 
downwards in the evening 
and expand again in the 
morning (Fig. 71), and those 
of other plants behave ina 
similar manner. 

This periodicity is deter- 
mined by variations in the 


intensity of light and by 
Fic. 71.—Leaf of Oxalis by day (7) and by night 


changes of temp erature, An (N). In the latter, each leaflet is folded inwards 
increase in the intensity of at right angles along its midrib, and is also bent 


light and a rise of tempera- °°¥?”""™"* 
ture effects the assumption of the diurnal position, and vice versa. 

These leaves possess also a periodic motion, effected by internal 
causes, which becomes evident when the plants are kept in continuous 
darkness: it is then seen that the leaves are in constant though not 
very vigorous movement. In some few plants these proper periodical 
movements, due to internal causes, are exhibited under ordinary con- 
ditions if only the temperature is high enough. The lateral leaflets 
of the leaves of Hedysarum (Desmodium) gyrans, for instance, (a 
papilionaceous plant from the East Indies) constantly perform circular 
movements which are repeated in from two to five minutes, 

Among the leaves which exhibit periodic movements there are a 
few which possess this peculiarity, that contact’with a foreign body 
causes them to pass from the diurnal to the nocturnal position: this 
is particularly conspicuous in the leaves of Mimosa pudica. 

The stamens of many flowers, e.g., of Berberis and Centaurea, are 
sensitive only to contact ; those of Berberis when at rest are extended 
widely apart ; if they are touched on their inner surfaces they bend 
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concavely inwards so as to approach the stigma: those of Centaurea 
contract when touched, and thereby agitate the whole inflorescence, 
for they are inserted upon the tubular corolla. The florets are closely 
aggregated in the capitulum, and if the hand is lightly passed over it, 
an active tremulous movement of all the florets occurs. 

The hair-like ap- 
pendages (tentacles) 
of theleaf of Drosera 
(Fig. 72 A), each of 
which bears an api- 
cal gland, curve 
inwards when a 
foreign body touches 
the glands, or if 
they are moistened 
with a nitrogenous 
fluid, in such a way 
that theapical glands 


- Fia. 72.—Leaf of Drosera rotundifoiia. A Expanded, d the 
tentacles of the edge of the leaf ; m the stoutly-stalked glands are collected toge- 
in the middle. B <All the tentacles have bent towards the ther at the centre of 


middle at the touch of an insect, z. 


the leaf. By this 
means small insects which have been caught by the viscid secretion 
of the glands are conveyed to the! middle of the leaf, and are there 
brought into contact with as many of the glands as possible; their 
secretion dissolves all the nitrogenous constituents of the insect, and 
these are absorbed into the plant. Other carnivorous plants have still 
more complicated motile mechanisms for the same purpose. 

In order that movements of the leaves may take place, the plant 
must possess a certain degree of irritability. Long-continued exposure 
to darkness, or to too high or too low a temperature, or the action of 
chemical or electrical stimuli, induces a condition of rigidity: when 
this is the case, no stimulus will produce any movement. 


CHA PTERAY, 
THE GENERAL CONDITIONS OF PLANT-LIFE. 


§ 51. Temperature. As, with a few exceptions, the evolution 
of heat within the plant itself is extremely slight, its temperature 
depends almost entirely upon that of the surrounding medium: 
equilibrium is set up between it and the plant partly by conduction 
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and partly by radiation. Since plants are bad conductors of heat, — 
that is to say, they undergo changes of temperature very slowly—when 
the changes in the temperature of the air are rapid and extreme, the 
temperature of a plant is frequently different from that of the air, 
either higher or lower ; but when the changes are slow, as is the case ~ 
when the surrounding medium is water or earth, the temperature of 
the plant is very nearly the same as that of the medium. As regards 
radiation, it is an important cause of changes of the temperature of 
plants, particularly of leaves When the sky is clear, these organs 
become much colder than the surrounding air, particularly at night, 
in consequence of radiation, and it is on this fact that the formation 
of dew and hoar-frost depends. A further cause of the cooling of 
those parts of plants which have a considerable extent of surface 
exposed to the air, is evaporation, which operates chiefly by day, and 
tends to reduce the temperature of the leaves below that of the sur- 
rounding air. 

Every process going on within a plant is connected with a certain 
range of temperature, that is to say, there is a certain minimum degree 
and a certain maximum degree of temperature, below or above which 
the process in question cannot take place. This obtains for growth, 
for the formation of starch, for the movements of protoplasm, for the 
activity of the roots, and so forth. Between these limits—the maxi- 
mum and minimum—there is for every function an optimum tempera- 
ture, different for every plant, at which that function is performed 
with the greatest activity. Thus, when the temperature is rising to 
the optimum, at every degree it is more favourable ; if it rises beyond 
the optimum towards the maximum, at every degree it becomes less 
favourable to the performance of any particular function. 

It may be generally assumed that all the vital processes of our indige- 
nous plants begin at a certain number of degrees above freezing-point ; 
that up to 25° or 30° C. they increase in intensity and reach their 
optimum at about 30°; that their activity diminishes from 30° to 45°, 
and that they wholly cease at about 50°. In plants of warmer climates 
the lower limit is considerably higher ; thus a Gourd seed will not 
germinate at a temperature below 13° C. 

Death, caused by exposure to too high a temperature, is affected by 


the presence of water; thus, while dry peas lose their germinating 


power only after exposure for an hour to a temperature of over 70° C., 
they are killed at a temperature of 54° if they are saturated with 
water. Most parts of plants will not bear a higher temperature than 


about 50° C, in air or 45° C. in water for any length of time. 
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The freezing of plants, that is, their injury or death by cold, only 
occurs if the temperature of the plant falls some degrees (in some 
cases even many degrees) below the freezing-point, and if at the same 
time the plant is in a condition to become frozen. Many plants are 
not killed by frost, such as Lichens, and many Mosses and Fungi; just 
those plants which can also bear drying up without suffering any 
damage. The dry parts of plants in general, most seeds, for instance, 
and the winter-buds of trees, are not at all sensitive to cold, whereas, 
if they contain a considerable quantity of water, as is the case when 
buds are in process of development and in succulent parts of plants, 
they freeze very readily. If an organ containing much water be 
exposed to cold, a certain quantity of water, proportionate to the 
depression of the temperature, escapes from the cells and freezes on 
their surfaces, and the tissues contract 
in proportion ; the water does not freeze 
inside the cells. The frozen water forms 
an incrustation upon the cells ( Fig. 73) 
of distinct crystals lying parallel to each 
other consisting of almost pure ice, forthe 
substances held in solution by the wafer 
are retained by the remaining cell-sap, 
: which becomes therefore more concen- 

Fic. 73.—Transverse section of a trated. It is certain that a great many 
frozen leaf-stalic of Cynara Scolymus: plants are not injured by this formation 
e the detached epidermis ; g the paren- ‘ ei by -. 
chyma in which lie the transverse Of ice in itself, for, if the thaw is slow, 
sections of the fibro-vascular bundles the cells reabsorb the water and return 
ce ee ae ~ to their normal condition. But if the 
prisms (the cavities of the ruptured thaw is effected very quickly, the large 
seat a ak quantity of water which is suddenly 
formed cannot be absorbed with sufficient rapidity by the cells, 
and it collects in the intercellular spaces: it either induces decay 
in the plant or it escapes and is evaporated, and the plant dries 
up. However, many parts of plants, as the leaves of the 
Pumpkin, cannot be preserved from death even by the most careful 
thawing. 

Frost causes radial splitting of the stems of trees: the fissures 
close up when the temperature rises, but healing can of course take 
place only in the cortex. The splitting is due to the unequal con- 
traction of the wood, that of the external parts which contain much 
water being the greater. . 

Cold exercises a peculiar influence on many green leaves; the twigs 
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and leaves of Thuja, Ilex, and others, turn to a reddish brown colour 
in the cold, and become green again under the influence of warmth. 
This change of colour, usually from green to a light brown, results 
from a modification of the chlorophyll itself, and must not be con- 
founded with the red colour that many leaves assume in autumn and 
winter, e.g., of the Virginia creeper, and which is due to the presence 
of a colouring matter in solution. 

§ 52: Light, as has been seen, is indispensable to the formation 
of starch; but when that process has been accomplished, the sub- 
sequent process of metabolism and growth can go on without the aid 
of light, though they may be more or less affected by its influence. 
Shoots can grow from organs containing supplies of nutrient material, 
such as potatoes, in complete darkness: the growing end of the stem of 
a vigorous plant, if introduced into a dark chamber, will produce leaves, 
flowers, and fruit ; its nourishment being supplied by the lower leaves 
which remain exposed to the light. If the modifying influence which 
light exercises on growth, metabolism, and similar processes, be consi- 
dered, five sets of effects may be distinguished, which are produced by 
the action of light upon the vital processes of plants. These fall under 
two heads :—I. The chemical effects, which are produced for the most 
part by the less refrangible (yellow) rays of the spectrum (in this 
respect they contrast strongly with the chemical action of light on 
salts of silver); and II. Zhe mechanical effects, which are produced 
chiefly by the highly refrangible (blue) rays of the spectrum. 

The chemical effects are— 

I. The formation of chlorophyll ; this is in so far dependent on 
light that the colouring matter cannot acquire its green hue, but 
remains yellow, although the particles of protoplasm which constitute 
the chlorophyll-corpuscles become differentiated from the rest of the 
protoplasm in the dark. The co-operation of light is indispensable to 
the formation of the green colouring-matter, and this effect is not 
exclusively confined to the rays of low refrangibility, but is produced 

‘to some extent also by those of high refrangibility. In only a few 
cases—as the seedlings of Conifers and the leaves of Ferns—do the 
organs of plants turn green in the dark. It must not be forgotten that 
the formation.of chlorophyll depends also on the temperature, and 
will not take place if it be too low; hence the shoots of plants which 
break through the soil in very early spring may remain yellow if the 
weather is cold, in spite of the exposure to light, until warmer weather 
sets in. 

Il. The dependenec of the formation of starch on light has already 
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been pointed out (§ 33); the influence of the rays of high refrangi- 
bility is here very slight. 

The mechanical effects are— 

II. The phenomenon that in many plants a strong light produces 
a fading of the colour of leaves and other green parts, while those 
which are shaded remain a dark-green, only so much has been 
ascertained up to the present time, that this change of colour is due to 
a change in the position of the chlorophyll grains in the cells (Zpis- 
trophe, Apostrophe) effected probably by the protoplasm. Many 
swarm-spores move towards the light while others on the contrary 
avoid it. 

IV. Cell-division is independent of light. It frequently proceeds 
in parts to which no light can penetrate—as in many growing-points 
and in the cambium—with as much activity as in other parts which 
are fully exposed to light, as frequently in the formation of stomata. 
On the other hand the growth of all those organs which are positively 
heliotropic is greatly influenced by light; that is to say that it is 
considerably retarded : this effect is produced by the more refrangible 
rays exclusively. 

V. Light acts on irritable mobile organs in two ways; in the first 
place an increased intensity of light induces the assumption of the 
diurnal position, in the second place the condition of irritability is 
intimately connected with the normal exposure of the plant to the 
influence of light (Phototonus ). 

§ 53. Gravitation. All plants and all parts of a plant are 
naturally subject to the action of gravitation. It has already been 
pointed out (§ 47) how this influences the direction of growth of the 
organs of plants. Plants exhibit various adaptations for the purpose 
of maintaining a definite relation between the weight of their different: 
parts and the discharge of their functions. The rigidity of their 
woody tissue enables boughs to support the weight of their leaves and 
fruit ; climbing and twining plants avail themselves of foreign bodies 
for the same end. Water-plants have various appliances such as air- 
containing spaces, very much elongated stems, ete., for raising the 
different parts to the surface of the water. The seeds and fruits of - 
many plants are provided with hairy, feathery or winged appendages 
to facilitate their transport by the wind. 

§ 54. Electricity. The many chemical processes which go on in 
plants must be accompanied by electrical phenomena. As plants are 
good conductors the difference of the electric tension of earth and air 
is equalised by means of them: that this is the case is shown by the 
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fact that tall trees are frequently struck by lightning. Beyond this 
little is known. Highly electrical conditions of the atmosphere act 
upon sensitive leaves, as those of the Mimosa, like mechanical sti- 
muli; and protoplasm, when stimulated electrically, exhibits no 
special phenomena which might not be produced by other means. 


Gi Pele Rea Vek 
REPRODUCTION AND ALTERNATION OF GENERATIONS. 


§ 55. Many plants are reproduced by bulbils (see § 5) which 
become separated from them; a similar mode of multiplication is 
effected by stems—more particularly under-ground rhizomes, creep- 
ing stems and such like—which branch and constantly die away 
from behind forwards so that the newly formed shoots become so 
many isolated and independent plants. The branches, and even 
leaves, of many plants, when artificially severed from them, will take 
root under favourable conditions, and form new plants. These various 
modes of propagation may be grouped together under the head of 
vegetative reproduction. 

But, besides these, all plants, with the exception of a few of the 
lower Algee and Fungi, exhibit true reproduction. This may be 
effected in two ways: 

(a) asexually, by cells termed gonidia, conidia, or spores. This is 
universal among Cryptogams but does not occur among Phanerogams. 
These bodies have the power of germinating and of thus producing 
new plants without the co-operation of any other parts of the plant. 
They are usually unicellular, but they are multicellular in some Fungi. 

(b) the second mode of reproduction is the sexual ; it consists in 
the formation of two distinct cells which by their union give rise to a 
single cell which is capable of further development. In certain 
groups of Algz and Fungi (Conjugate and Zygomycetes) these two 
cells are similar in size and form; the process of their union is then 
termed conjugation. In most cases, however, coalescence takes place 
between two cells which differ greatly in both size and form, of which 
one is designated the male and the other the female. The process 
is then termed fertilisation. In most Cryptogams, with few excep- 
tions, the male cell is an antherozoid ; it is a small mass of protoplasm, 
endowed with independent motility, which penetrates the female re- 
productive organ and coalesces with the female cell or oosphere : this 1s 
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likewise a naked primordial cell, but it is much larger and is not 
motile. The oosphere then surrounds itself with a cell-wall and 
developes into an embryo. In the Phanerogams, which are distin- 
guished by the formation of true seeds, the male cells are known 
as pollen-grains. They effect fertilisation by the protrusion of a 
long tube which comes into contact with the oosphere lying in the 
ovule within the ovary. , 

The result of this fertilisation in the case of Phanerogams 
is that from the oosphere a new plant is developed which is 
in every respect similar to the parent-plant. In Cryptogams, on 
the other hand, and very conspicuously in the higher Cryptogams, it 
is usually the case that the two modes of reproduction alternate in the 
life-history of the plant; the one sexual, the other asexual. This is 
described by the phrase Alternation of Generations. In Mosses, for 
example, the leafy stem bears the sexual organs and constitutes there- 
fore the first or sexual generation (oophore). The product of fertilisation 
is not similar to the parent-plant: it is a capsule (sporogonium) in 
‘which spores are formed, and it constitutes the second or asexual 
generation (sporophore). Each of these spores may give rise to a sexual 
plant. A more detailed account will be given hereafter of the various 
forms in which the alternation of generations presents itself in the 
higher Cryptogams when those plants are being especially considered. 
In so far as sexual reproduction occurs among the lower Cryptogams, 
(Alge and Fungi), the product of fertilisation may be, as in the 
Mosses, a fructification in which spores are formed asexually, or 
simply an aggregation of spores, or a single spore only which is 
directly derived from the fertilised oosphere and which constitutes 
tLe entire asexual generation, This spore is termed an oospore when 
it is a product of fertilisation, a zygospore, when it is a product of 
conjugation. 


Pen Lal V, 


THE CLASSIFICATION OF PLANTS. 


Introductory Remarks. A systematic classification of plants 
may be arrived at by either of two methods. In the first, the different 
forms of plants are arranged according to some one given principle ; by 
this means order is established, and a definite position in the system 
is assigned to each plant. Many such systems have been devised, and 
are known as artificial systems. The principle of classification in such 
a case must be determined more or less arbitrarily and without con- 
sidering whether or not, in the resulting arrangement, the plants which 
are nearly allied are always brought together, and those which are 
less nearly allied are kept apart. The best-known of these artificial 
systems is that of Linneus, called the sexual system, which classifies 
plants by the number and mode of arrangement of the sexual organs. 
These organs, in his time, were known only in the Phanerogams 
(seed-bearing plants) ; to the great group of the Cryptogams, which 
Linneus regarded merely as a subsidiary department of the Vegetable 
Kingdom, this principle is inapplicable. 

The natural system, to the gradual development of which a more exact 
knowledge of the reproduction of Cryptogams has largely contributed, 
has for its object the classification of plants according to their funda- 
mental relationships, and as these are established once for all by 
Nature itself, the natural system is not based upon any arbitrary 
principle of classification, but depends upon the state of our knowledge 
of these fundamental relationships. These find their expression in the 
structure and other characteristics of the reproductive organs, as well 
as in the relation of reproduction to the alternation of generations. 

This is more particularly true with regard to the definition of the 
larger groups of the Vegetable Kingdom; within these groups 
relationships may be exhibited sometimes in one way and sometimes 
in another, so that it is not possible to lay down any universal rules 
for determining close affinities. 

As the investigation of this subject is still far from complete, the 
natural system cannot be regarded as being perfectly evolved; the 
various general sketches which have hitherto been given are therefore 
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no more than approximations to the truth. The system laid down in the 
following table has no pretension to be regarded as the only correct one; 
it is selected simply because the arrangement it offers appears to answer 
most nearly to the present state of knowledge of morphology and affinity. 

The following Table exhibits, provisionally, the main divisions of 

the vegetable kingdom ;— 

Ist Group. Thallophyta. Plants of very simple structure, 
without any differentiation of leaf and stem, with- 
out true roots or fibrovascular bundles, some 
without evident alternation of generation. 

Class 1, Alge. 
» 2 Fung. 

2nd Group. Muscinez. The plant which is developed from 
the spore has generally a distinct stem and leaves, 
but possesses neither fibrovascular bundles nor 
roots, and bears the sexual organs (oophore). The 
fertilised oosphere gives rise to a capsule contain- 
ing spores (sporophore), 

Class 3. Hepaticee, 
) Nac 

3rd Group. Pteridophyta. From the spore a small _pro- 
thallus is developed which bears the sexual 
organs (oophore). From the fertilised oosphere a 
plant is developed consisting of stem, leaves and 
roots, containing fibrovascular bundles and _pro- 
ducing spores (sporophore). 

Class 5, Filicine 
» 6. Equisetacee. 
5, %. Lycopodine. . 
4th Group. Phanerogamia. These plants are characterised by 
the production of true seeds containing at maturity a 
minute plant (embryo), furnished with rudimen- 
tary root, stem, and leaves. The ovule contains 
the oosphere from which the embryo is developed 
in consequence of fertilisation. 
A. Gymnosperme. 
: Class 8. Gymnosperme. 
B. Angiospermee. 
Class 9. Monocotyledones. 
Baw. »  » 4, 10. Dicotyledones, 
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If the characteristics which are common to several groups be 
especially considered, the Phanerogams may be distinguished as 
seed-bearing plants from the three groups of Cryptogams which are 
sporiferous ; the Thallophytes and Muscineze may be distinguished as 
non-vascular plants (cellular plants) from the higher Cryptogams and 
the Phanerogams which are vascular plants, and the Thallophytes 
from the three groups which exhibit a differentiation of leaf and stem, 
and which are termed Cormophytes. 


The above-mentioned Classes are of very unequal extent ; for while 
certain of them, as the Equisetacez, include few forms and those for 
the most part very closely allied, others, as the Dicotyledons and the 
Fungi, include an enormous number of very different forms. These 
discrepancies arise from the very nature of the natural system, for a 
great diversity does not necessarily display itself in a type which is 
represented by a single class, and it must not be forgotten that 
probably the few living representatives of many Classes, for instance 
of the Lycopodine, are but the surviving remnant of various once 
well-represented orders which have become in great measure extinct. 


Those Classes which include a sufficiently large number of forms are 
subdivided into subordinate divisions, as (1) Series, (2) Tribes, (3) 
Orders, (4) Families, and these again, if necessary, into Sub-orders 
&c. : but these names are applied in the most arbitrary manner to the 
different sub-divisions. The two narrowest systematic conceptions, 
viz., Genus and Species, are used to indicate an individual plant. 
Under the term Species are included all individuals which agree so 
closely that they may be considered as having all descended directly 
from a common ancestral form. New peculiarities may no doubt— 
though comparatively seldom—occur iu the course of multiplication : 
the individuals characterised by these new peculiarities are regarded 
in classification as varieties of the species. When several species 
resemble each other so distinctly that their general appearance 
indicates a relationship, they are grouped together in a Genus. The 
limits of genera are consequently by no means fixed, but vary 
according to the views of individual botanists. In the larger genera 
the species are grouped into Sub-genera. 


The scientific name of every plant consists—on the plan introduced 
by Linneus—of two words, the first indicating the name of the 
genus, and the second that of the species. Thus, for instance, the 
greater Plantain, Plantago major, and the Ribwort, Plantago 
lanceolata, are two species of the genus Plantago. Since in early 
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times the same plants were often described under different names, and 
as different plants were often designated by the same name, it is 
necessary in scientific works, in order to avoid confusion, to append 
to the name of the plant the name of the botanist who is the 
authority for it. Thus Plantago lanceolata 1L., indicates that 
Linneus gave the plant this name, and at the same time that the 
plant meant is the one which Linnzeus described and to which he 
gave the name. Again, the Spruce Fir is called Abies excelsa D. C. 
(De Candolle), while the same plant was placed by Linneus in the 
genus Pinus under the name Pinus Abies L. ; hence these names are 
synonymous ; but Pinus Abies Duroi, is another plant altogether, 
the Silver Fir. | 

The method by which each plant has its place assigned to it in the 
natural system is exhibited in the two following examples—I. Plan- 
tago major ; Il. Agaricus muscarius ;— 


i, Group : Phanerogamia. 
Division; Angiosperme, 
Class: Dicotyledones. 
Sub-class : Gamopetale. 
Tribe ; Anisocarpezx. 
Sub-tribe : Hypogyne. 
Order : Labiatiflore. 
Family: Plantaginee. 
Genus: Plantago. 
Species : Major. 


II. Group: Thallophyta. 
_ Class: Fungi (Carposporee). 
Order: Basidiomycetes. 
Tribe : Hymenomycetes. 
Family ; Agaricines. 
Genus: Agaricus. 
Sub-genus: Amanita. 
Species : Muscarius. 
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GROUP I, 
et Oa Ea Y''D’ A; 


_ This group includes the lowest forms of vegetable life. They pre- 
sent no differentiation of stem, leaf, and root, and some of them are 
unicellular, the entire organism consisting of a single cell. In the lowest 
members of this group there is no sexual reproduction ; in the higher, 
the product of sexual union may be a single spore, or a mass of spores, 
or a fructification within which spores are formed. ‘The division of 
the group into the two classes Algz and Fungi is artificial, in that it 
is based upon the presence (Alge) or absence (Fungi) of chlorophyll. 
Still it is probable that these classes are on the whole really natural, 
and that the evolution of higher forms proceeded equally in both. 


GENERAL CLASSIFICATION OF THALLOPHYTES, 


A. Protophyta. 
No sexual reproduction. 


; Alge. Fungi. 
Phycochromacez. Schizomycetes. 
Saccharomycetes. 


B. Zygospore. 
Sexual reproduction by conjugation. 
(a.) Product, a resting-spore (zygospore). 


Conjugatze. Zygomycetes. 
Zoosporeex. Myxomycetes (?).* 
Chytridiacez (?), 
(b.) Product, a new individual. 


Botrydiacez. 
C. Oosporee. 
Sexual reproduction by fertilisation. 

(a.) Product, a resting-spore (oospore). 
Siphoneze Saprolegnieze. 
Volvocinex. Peronosporeex. 
CEdogonies, Entomophthoree (?). 

(b.) Product, a new individual. 
Melanophycesze. 


* The note of interrogation indicates that the occurrence of sexual reproduc- 
tion has not been definitely ascertained in the Order to which it is appended. 
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D. Carposporee. 
Sexual reproduction by fertilisation. 
Product, a fructification. 


Coleochetez. Ascomycetes. | 
Floridez. Uredinez (Aicidiomycetes) (7). 
Characex. Ustilagineze (?). 

Basidiomycetes (7). 


Crass I.—ALGZ. 


These are plants of the simplest structure which live in water in 
the form of green, blue-green, or brownish filaments or masses of cells, 
and clothe damp surfaces such as rocks, walls, or the bark of trees, 
with a covering of one or other of these colours. In the sea they 
attain often a very considerable mass; some of them are of a 
beautiful red or brown colour, and attract the attention of the 
observer, partly by their gigantic size and partly by the elegance of 
their ramification. Whilst some are unicellular, existing throughout 
their whole lives as single cells and producing new individuals by 
division, others form long rows of cells, or considerable masses or 
extended surfaces of cellular tissue. | 

The most important feature in which the plants of this Class differ 
from the Fungi, is the presence of chlorophyll and the consequent 
mode of life. The Alge are able to form the organic substances 
necessary for their nutrition, whereas the Fungi are obliged to obtain 
them from other organisms. The presence of chlorophyll is obvious 
enough in the green Algw, but it exists also, though less evidently, in 
Alge which have a bluish green, olive-green, brown or red colouring- 
matter in addition in their chlorophyll-corpuscles. The nature of this 
additional colouring matter is usually the same throughout whole 
families which also resemble each other in their modes of reproduction. 

The reproduction of the Algw, when it is not merely a process of 
division, is effected by cells which are produced sexually or asexu- 
ally. The former are designated by terms which indicate the 
special mode of their development, (zygospore, oospore, carpospore) : 
the latter are spoken of generally as gonidia, (zoogonidia when 
they are motile). Reproduction by means of .zoogonidia is very 
common in this class (Figs. 37 and 80): these are small protoplasmic 
bodies, without cell-walls, formed either by the division or the 
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rejuvenescence of a cell, which move through the water by means of 
delicate filaments, the cilia: after a time they come to rest, become 
invested by a cell-wall, and give rise to new individuals by growth and 
cell-division. | 

In the very lowest forms reproduction is effected neither sexually 
nor by means of zoogonidia. In the Conjugate the entire contents of 
two cells unite to form a zygospore. In many Zoosporee two 
zoogonidia, which may or may not be exactly similar and which are 
usually formed by cell-division, coalesce to form a zygospore. To 
these naturally follow those orders in which only the small male cells 
(antherozoids) are motile, the female cells being the oospheres which 
remain in their mother-cells (oogonia) and are converted into oospores 
in consequence of fertilisation. The oospores may or may not be 
invested by special integuments, and, on germination, may give rise 
to one or more individuals. From these the Floridee differ in the 
peculiar structure of the female organs and in the formation of masses 
of spores. On the other hand the Zoosporee resemble the Botry- 
diacese, which have only lately been accurately studied, in which a 
a new individual is formed at once, without any resting-stage, from 
the product of the union of two zoogonidia. The same occurs in the 
Melanophycez, so far as their mode of reproduction is known at 
present, but in them the female cell, though it is set free before 
fertilisation, is not motile. 

Tf, in addition to the modes of reproduction, the general vegetative 
structure of the Algz be considered, a classification such as the follow- 
ing may be constructed. This must of course be considered as only 
provisional, since ‘the reproduction of many forms is still unknown, 
and it is therefore only possible to assign them a systematic position 
by a consideration of their vegetative structure. 


I. Sexual reproduction unknown ; no zoogonidia. 
Order 1. Phycochromacez ; bluish-green Algz. 


II. Sexual reproduction, effected by the conjugation of the entire 
contents of two stationary cells. 
Order 2. Conjugate. 


III. Sexual reproduction, effected by the conjugation of zoogonidia. 
Order 3. Zoosporee; the product of conjugation is a 
resting-spore. 
Order 4. Botrydiacew ; the product of conjugation is a 
new individual. 
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IV. Sexual Reproduction (so far as is at present known), effected 
by the fertilisation of a free oosphere, from which a new 
individual is directly developed. 

Order 5. Melanophycee. 


V. Sexual Reproduction, effected by fertilisation within special 
female organs (Oogonia and Carpogonia). 
A. The thallus a single, much-branched, filamentous cell. 

Order 6. Siphonez. The oospore gives rise to a single 
new individual: female organ an oogonium. 

B. The thallus a tissue: several new individuals usually de- 
veloped from the oospore. 
(a.) Female organ an oogonium. 

Order 7. Volvocinez : thallus spheroidal, motile. 

Order 8. Ocdogoniex : thallus filamentous ; oospore with- 
out special integuments. 

(b.) Female organ a carpogonium. 

Order 9. Coleochetez: thallus consisting of rows of 
cells: oospore with a special cellular investment. 

Order 10. Floridez (red Alge): the female organ has a 
complicated structure: numerous spores produced in 
consequence of fertilisation, 

Order 11. Characeze: the oosphere has a cellular invest- 
ment before fertilisation, and gives rise to a single new 
individual, 


1. Phycochromacee or blue-green Alge. Neither sexual reproduc- 
tion nor formation of zoogonidia is known in this order : multiplication 
is effected most frequently by cell-division, 
which takes place in some cases in more 
than one plane, but sometimes also by means 
of gonidia. Several of the genera are uni- 
cellular, e.g., Gloeocapsa (Fig. 74), Chroo- 
coccus and others. The separate individuals 
are sometimes enveloped in a gelatinous 
diffluent membrane, and are thus united 
into colonies or families forming a blackish 

Fig. 74.—Gleeocapsa (x 300) in or dark-blue film on rocks or Mosses. Others 
various stages. A becomes B, C, . 

D, E by repeated division (from ®Ppear as many-celled filaments: Nostoc 
Sachs). (Fig. 75 A), for instance, consists of rows 
of cells forming brownish gelatinous masses which are often to be 
found after wet weather on paths or sandy soil; in a dry state they 
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are inconspicuous and of a dark colour, The Oscillariee (Fig. 75 4), 
the filaments of which.exhibit peculiar locomotor movements, are often 
seen as blue-green or brown-green 
patches floating on stagnant waters 
and having a very disagreeable smell. 
The Rivulariee form cushion-like 
patches consisting of a gelatinous Fic. 75.—A. Filament of Nostoc. B. End 
matrix, in which the filaments are % * *mentof Oscillaria (300). 
disposed radially ; they occur on submerged stones and water plants. 

2. The Conjugate are distinguished by the process of conjugation 
which takes place between the whole of the protoplasmic contents of 
the cells in the process of reproduction. Zoogonidia are not formed, 
They are subdivided into three families : 

a The Zygnemacec, consisting of long unbranched filaments which 
occur in large floating patches in many waters, particularly ponds and 
springs ; they are easily recognised by their bright green or yellowish 
colour as well as by the delicacy of their filaments. Their chlorophyll- 
corpuscles have peculiar forms ; in Spirogyra they are spiral bands 
(Fig. 40), in Zygnema, stars (Fig. 76 A), in Mougeotia, plates. 

b The Desmidiacee include unicellular forms, which are often 
extremely beautiful, as Closterium (Fig. 76 £), Cosmarium, 
Staurastrum, Euastrum (Fig. 76 C). 

c. The Diatomacee, in which the chlorophyll- 
corpuscles are of a dark yellow colour. The 
individuals are unicellular ; the cell-walls con- 
tain much silica, and exhibit extremely deli- 
cate andelegant thickenings. The wall (frustule) 
of each cell consists of two halves which fit into 


. Fic. 77.—Pinnularia, a Dia: 
Fic. 76.—A Fragment of a filament of Zygnema; in each tom (mag. and diag.); a 
cell are two star-shaped chlorophyll-corpuscles connected by lateral view, shewing the mode 
a colourless mass of protoplasm in which lies the nucleus, of connection of the two halves 
B Closterium, C Euastrum, two Desmids with chlorophyll- of the frustule; s surface 
plates, view, 


each other like the two parts of a pill-box (Fig. 77 a). Division 
takes place lengthwise between the two halves, and the newly formed 
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wall of the daughter-cell is enclosed within the rim of that of the 
mother-cell, so that the two halves of the cell-wall are of different 
ages. In consequence of repeated division the individuals must grow 
smaller ; when this diminution has gone on to a certain extent the 
formation of auxospores takes place, that is of very large cells, 
either by means of growth alone or as the result of conjugation and 
subsequent growth. In some genera, eg., Navicula and Pinnularia 
(Fig. 77) the individuals are solitary and they are endowed with a 
peculiar creeping mode of locomotion. In others, as Melosira, they 
are arranged in long filaments. They occur frequently and in great 
numbers in all waters, fresh as well as salt, sometimes also in damp 
soil between Mosses. The siliceous frustules of Diatoms have been 
preserved from the early geological epochs and exist in various parts 
of the world in great masses, under the name of infusorial earth. 

3. The Zoosporee are reproduced by means of zoogonidia which, 
in the case of many forms at least, conjugate, and give rise to 
resting-spores. 

Some families, such as the Hydrodictyee consist of unicellular 
forms which generally live together in colonies (Fig. 78 A). The 
whole colony is usually actively 
motile by means of the cilia of 
its individual members. Periods 
of rest sometimes alternate with 
periods of movement, and these 
resting forms were formerly re- 
garded as being distinct plants ; 
such are many Palmellacee and 
perhaps Pleurococeus vulgaris, 
which is constantly found as a 
green growth on the trunks of 
trees and in similar situations. 

Heematococcus lives in puddles ; 

Fic. so Fapea ec “tare (400). 4, a motile the restino-celle Saat purplish- 
colony (ccenobium): B, two zoogonidia, formed c—) 
by the division of the cells of A, in process of red colour and where they occur 
PL no, in masses they impart a red hue 
to the water or to the snow (red snow). 

The Confervee are filiform.Alge which are widely distributed in all 
waters, being especially abundant near their margins; the zoogonidia are 
formed in the individual cells, either in considerable numbers or one 
only in each. The filaments of Cladophora are much branched and are 
harsh to the touch. The filaments of Ulothrix are simple; in this plant 
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certain larger zoogonidia reproduce it vegetatively, whereas the 
smaller ones conjugate and reproduce it sexually ; Chroolepus is 
orange-coloured, and grows on damp rocks, &c., in velvety patches. 
In the Ulvacee the polyhedric cells are united into flat expansions ; 
in Ulva Lactucza, which is a common green sea-weed, the membranous 
expansion may be simple or more or less branched; in Enteromorpha 
it forms the wall of a tube. ; 

4. The Botrydiacee are represented: in fresh water by Botrydium 
alone. ‘This is a small unicellular plant, looking like a green spheroi- 
dal vesicle with colourless root-like outgrowths which attach it to the 
mud in pools. It is reproduced in several ways ; the most remarkable, 
perhaps, is the formation within the vesicle of the so-called “ spores,” 
each of which gives rise to a large number of conjugating zoogonidia. 

5. Mela- 
nophycee. Wx \\ 
These are thee==S3)\ 
brown sea- — 
weeds. Their Q OO. LV: 
chlorophyll- SS SSag! 
corpuscles are sees 
of an olive- 
green colour. 
They are usu- 
ally of a con- 
siderable size, 
and present SS 
great variety of form. The thallus SS 
consists sometimes simply of rows of 
cells, sometimes of masses of tissue ; 
it often attains gigantic dimensions, and 
appears to branch dichotomously. The 
cell-walls are very mucilaginous, Some 
are provided with large cavities filled 
with air (Fig. 79 &), by means of which 
they are enabled to float. 

The reproductive organs are borne 
by certain branches of the thallus 
(Pigs #9)e" \They-are developed) in: 5. mcud vescicutoeus, about } 
peculiar depressions of the surface, nat. size. 0 Air-bladders. /f Fertile 
the conceptacles. The antherozoids ranch. 
are formed in certain cells termed. antheridia, and the oospheres in 
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certain cells termed oogonia. The oospheres are extruded from the 
oogonia and are then fertilised by the antherozoids. The fertilised 
oosphere at once developes into a new individual. 

The different species of Fucus and of Laminaria are typical.repre- 
sentatives of this order. 

6. The Stphonee are unicellular, but the tubular cells are large and 
much branched. The different species of Vaucheria (Fig. 80) are 
frequently found in springs, in wells, and on damp soil, in large dark 
green patches. Zoogonidia are formed in special cells formed by the 
cutting off, by means of septa, of some of the branchings of the main 
cell (Fig. 80 F, h). Sexual reproduction is effected by antheridia 
and oogonia, The antheridia are cells, usually curved into a hook- 
shape, which are developed as lateral branches. Within them the 


Fic. 80.—Vaucheria sessilis (x 30). A sp Anewly-formed zoogonidium. B A resting zoogo- 
nidium. C@ The commencement, D and E more advanced stages of germination; sp 
voogonidium ; s apex of the green filament; 2 its colourless part answering to a root. 
F Tubular cell with sexual organs ; og oogonium ; 2 antheridium shortly after fertilisation 
(after Sachs). 


antherozoids, which are subsequently discharged, are formed. The 
oogonia are spherical cells, developed close to the antheridia, in which 
the oosphere is formed by rejuvenescence (Fig. 80 F, og). After 
fertilisation the oosphere becomes surrounded by a proper membrane 
and is then known as the oospore. Whether or not the very large 
forms found in the sea, e.g., Caulerpa, consisting of a single much- 
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branched cell, really belong to this order, is at present uncertain, for 
their reproduction has not been fully investigated as yet. 

The order of the Siphonez appears to be more closely allied to the 
Saprolegniew (Fungi) than to the other Alge. 


net) 

Fic. 81.—A Gidogonium ciliatum (x 250). A Middle part 
of a sexual filament with two vogonia (0g) fertilised by the 
dwarf male plants (m), developed from zoogonidia formed 
in the cell m at the upper part of the filament. BOogonium 
at the moment of fertilisation; o the oosphere; og the 
oogonium ; z the antherozoid in the act of forcing its way 


in; m dwarf male plant. OC Ripe oospore. D Piece of the 
male filament of Cid gemelliparum, z antherozoids. EF 
Branch of a Bulbochete, with one oogonium still containing 
a spore, another in the act of allowing it to escape ; in the 
lower part an empty oogonium. F The four swarm-spores 
formed from an oospore. @ Swarm-spore from an 00s- 
pore come to rest (after Pringsheim). 


7. The Volvocinee, as 
represented by the genus 
Volvox, are closely allied 
in their structure to the 
Zoosporesee which live in 
colonies ; the colony here 
takes the form of a hollow 
sphere. Fertilisation is, 
however, not effected by 
the conjugation of zoo- 
gonidia; but the oosphere, 
which is stationary, is 
fertilized by antherozoids. 

8. The CGdogonice 
occur in green patches in 
springs and other waters. 
These patches are com- 
posed of cellular _fila- 
ments, of which the sepa- 
rate cells sometimes pro- 
duce zoogonidia and 
sometimes become 
oogonia, the contents of 
each one being converted 
into an oosphere by reju- 
venescence (Fig. 81 8B). 
The antherozoids, which 
resemble the zoogonidia 
but are smaller, are pro- 
duced in some species by 
repeated division in the 
cells of the filaments 
(Fig. 81 D) ; but in other 
species the cells of the 


filament give rise to peculiar zoogonidia which adhere to the oogonium 
and grow into dwarf males consisting of but few cells (Fig. 81 A m): 
it is in these that the antherozoids are formed. 
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9. The Coleochaetee form hemispherical or disk-shaped cushions of a 
beautiful green colour on submerged stones and water-plants. The 
female organ is termed a carpogonium. It is unicellular, and presents 
a long tubular projection open at the apex, the trichogyne. After 
fertilisation the oosphere in the basal dilated part of the carpogonium 
becomes invested by a special membrane; the carpogonium becomes sur- 
rounded by outgrowths from neighbouring cells, so that it is enclosed 
in a cellular integument, and thus forms a fructification called a 
cystocarp. On germination, the oospore divides, and from the cells 
thus formed within the cystocarp there escape swarm-spores, which 
subsequently give rise to new individuals, 

10. The Florideew, or red Alge, are of a beautiful red or violet 
colour, and live in the sea; only a few forms, such as Batrachosper- 
mum moniliforme, of a purplish-brown hue, are found in fresh water. 
Many representatives of this class are distinguished by their graceful 
branching; and in several Genera, e.g., Polysiphonia, it is of such 
a nature as almost to justify the de- 
signation of some of the branches 8 

‘as leaves. Reproduction is effected A 
in a peculiar manner. Fertilisation 
takes place by means of anthero- § QV% 
zoids which, having no cilia, are not ; 
motile (Fig. 82 A s). They attach 
themselves to a projecting cell of the 
female organ, the ¢trichogyne (Fig. 
82 ¢); in consequence of fertilisation, 
a cystocarp is formed from the basal 
portion of the trichogyne, or more 
frequently from cells which surround 
its base, or from others more remote 
from it. The cystocarps are here 
‘masses of spores (Fig. 82 C 0), or 


figs 
Fic. 82.—Fructification of Nemalion. 


“thi ie lore A The end of a branch with a male and 
receptacles, within which the spores 4 female organ ; the former produces the 


are formed. The asexual reproductive antherozoids, the latter consists of the 
trichogyne t, to which the antherozoids 


cells (tetragonidia) are also devoid of s adhere to effect fertilisation, and of 


‘cilia, and are passively floated about the base o, from which the cystocarp 
by the water (B and C) is developed (x 300). 


Callithamnion corymbosum, Ceramium rubrum, Chondrus crispus (used in 
medicine as Carrageen Moss), Plocamiwm coccinewm, Delesseria hypoglossum and 
-Corallina rubens, are common representatives of this class in European seas, 


11. Characee. These are the only green Algz which, like the 
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FPloridex, have members that can be regarded as leaves. In the genus 
Nitella (Fig. 83 A), inhabiting waters which are not hard, each 
internode of the stem consists of a single cylindrical cell (Fig. 83 A s), 


Mm 


a 


aN 
7 


Fic. 83.—A Upper portion of a branch of Nitella flexilis (nat, size); ss the stem; % ae 
leaves ; with sp the female, and a the male organs. B Part of a fertile leaf xx of Chara fragiles 
(50x); 6 W the leaves: the female organ contains the oosphere FZ. The peculiarly twisted 
investing-cells of the carpogonium end in a little corona, kr: a the antheridium (after 
Sachs). 


the wall of which is lined by a compact layer of chlorophyll-corpuscles. 
The leaves (Fig. 83 A, >) form whorls at the nodes and each consists 
of a row, sometimes branched, of elongated cells all similar in form. 
In the other genus, Chara, of which numerous species occur in many 
waters and which are remarkable for their unpleasant smell, the stem 
and leaves are covered with small cortical cells. In all the long cells 
a rapid rotation of the protoplasm is perceptible. The female organ 
(carpogonium) is an egg-shaped body (Fig. 83 2); it possesses a 
covering of cells twisted spirally which encloses the oosphere. The 
oosphere becomes an oospore in consequence of fertilisation and 
remains enclosed in the integument. The antheridia (Fig. 83 a) are 
visible as small red spheres ; within them the spiral antherozoids are 
produced in rows of cells. 
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Crass IL—FUNGL. 


This class, like the preceding, includes many very simple organisms 
as well as others of tolerably high development. None of them 
contain chlorophyll, and their mode of life is correlated with this 
peculiarity. They must take up their nourishment, and more 
especially their Carbon, in the form of organic compounds. Some, 
termed Parasites, such as Rust and Smut, absorb it from living 
organisms, plants or animals. Others, called Saprophytes, absorb it 
from the remains of dead organisms, or from organic compounds 
formed by living organisms: the bark of trees and the humus or 
leaf-soil of forests and meadows are examples of the former case, and 
they support numerous and often large Fungi; the juice of fruits and 
saccharine solutions are examples of the latter case, and in these 
Moulds and Yeasts often make their appearance, 

In Fungi the cells are usually arranged in rows so as to form 
long filaments called hyphae: these are loosely and irregularly 
interwoven (tela contexta), as in the common Mould, but some- 
times they are firmly connected into a mass of considerable size, of 
definite external form and internal structure, as in Mushrooms. A 
few Fungi only consist of small isolated cells, or of long branched 
tubular cells like the Siphoneze among the Algee. The vegetative struc- 
ture developed from the reproductive cell, consists of hyphe, and is 
called a mycelium. The organs of reproduction are usually developed 
upon some part of the mycelium, but, if circumstances be unfavourable, 
the mycelium may continue to vegetate for a long time, attaining a most 
luxuriant growth, without bearing any reproductive organs. The 
white felt-like growth which often clothes the walls of damp cellars is 
a sterile mycelium of this kind. 

The reproductive cells of Fungi are formed in two ways: in the 
one, the protoplasm of the mother-cell divides into a number of spores, 
or free-cell formation takes place within it (endogonidia, ascospores) : 
in the other, segments are cut off from the mother-cell by abstriction, 
(stylogonidia) a process which differs from that of ordinary cell- 
divisions only in the marked constriction of the cell in the plane oi 
division. The cells which undergo this abstriction are called basidiu, 
and they frequently bear a delicate projection, the sterigma, at the 
end of which the spore is borne. In some Fungi the cells formed by 
the first of these two methods are naked masses of protoplasm, and 


see 
+ SS 
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move actively in water; they are called zoogonidia. The lowest 
Fungi are not reproduced sexually, and this is probably also true of 
some which are more highly organised. Sexual reproduction is 
exhibited in the form of conjugation by the Zygomycetes, in which 
branches of the mycelium coalesce, and in the form of fertilisation, 
closely resembling conjugation, in other Phycomycetes as well as in 
many Ascomycetes. Other Ascomycetes (and perhaps the Uredines) 
have female organs which resemble the carpogonia of the Floridex, 
and which are fertilised by small cells, the spermatia, which are 
passively conveyed from place to place. These cells are formed by 
abstriction in certain receptacles called spermogonia. In the follow- 
ing account of the various groups of Fungi, as in the case of the 
Algee, the reproductive cells which are produced asexually are spoken 
of as gonidia or conidia (stylogonidia, endogonidia, zoogonidia), 
whereas those which are produced sexually are spoken of as spores, 
(zygospore, oospore, ascospore). 

Our knowledge of the alternation of generations among the Fungi is 
still very incomplete, and the views held with regard to it are some- 
what discordant. This, however, appears to be certain, that the great 
variety in the modes of reproduction, the so-called pleomorphism, 
which was believed to exist in one and the same species, has not been 
confirmed, although as a matter of fact many Fungi have more than 
one kind of reproductive organs. 


The following remarks are explanatory of the arrangement of the Fungi which 
is adopted here. With the exception of the Schizomycetes, which are doubtless 
allies of the Phycochromacee but destitute of chlorophyll, and which, like them, 
are reproduced generally by cell-division, Fungi are reproduced in two ways—- 
asexually, by means of conidia, and sexually, by means of spores. In the 
Phycomycetes sexual reproduction is effected by the conjugation of two hyphe, 
or by a process which differs but little from this, The product is a resting- 
spore or zygospore which, on germination, may give rise to an individual bearing 
conidia, or simply to a sporangium. It is difficult to compare the life-history of 
one of these Fungi with that of an Alga or of a Moss in which the alternation 
of generations is evident. 

The Ascomycetes are probably nearly related to the Phycomycetes. In them 
the sexual process is of much the same kind; but the product is not a single 
resting-spore, but a number of spores contained in receptacles called ascz. 
These asci are more or less enclosed in the mycelial tissue, and these together 
form a fructification. The mycelium bears, in addition to the sexual organs, 
numerous organs which reproduce it vegetatively. 

The greatest difficulties are offered by those Fungi the reproductive cells of 
which are formed by abstriction. In the Uredinee the ecidium-fruit is probably 
the sexually-developed fructification, whereas the other fructifications are 
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probably only vegetative. No sexual organs have been discovered as yet in the 
Basidiomycetes, and their large fructifications may therefore be regarded as organs 
effecting asexual reproduction. 

As to the relationship between Fungi and Algz, it has been already pointed 
out that the Schizomycetes and the Phycochromacee appear to be allied, and 
they are connected by intermediate forms. Resemblances also exist between the 
Chytridiacee and the lowest Zoosporee. It seems probable that the divergence 
of the two classes began at the first indication of sexual differentiation. In the 
lower Algee the zoogonidia conjugate, and the connexion of the more complicated 
sexual processes of the higher Alge with this simplest form can be readily traced. 
In the lower Fungi the cells which correspond to the mother-cells of the zoogo- 
nidia of the Algee are those which conjugate. 

The Entomophthorez are perhaps intermediate forms between those Fungi in 
which the conidia are formed in the interior of mother-cells and those in which 
they are formed by abstriction. Their sporangia may be compared with those 
of the Peronosporez on the one hand, and with the conidia of the Uredinee and 
Basidiomycetes on the other. 


The following is an attempt to classify the Fungi in accordance 
with the present state of our knowledge : 


I. Sexual reproduction unknown: multiplication by cell-division 
or by endogonidia. 
Order 1. Schizomycetes. 
Order 2. Saccharomycetes. 


IJ. The mycelium (if present) consists of a single tubular, much 
branched cell: endogonidia are formed in sporangia: sexual 
reproduction occurs in the form of conjugation, or of fertilisa- 
tion, the product being (except in Myxomycetes) a resting- 
spore ( Phycomycetes ). 

(a). Sexual reproduction by conjugation. 

Order 3: Zygomycetes. Mycelium, a tubular cell: endogonidia 
non-motile (the sporangium is sometimes thrown off as 
a conidium). 

Order 4. Chytridiacee. Mycelium usually absent: zoogonidia : 
(conjugation has only been observed once). 

Order 5 Myxomycetes. No mycelium. The plasmodium, 
formed by the coalescence of the amoeboid masses of 
protoplasm set free from the conidia, is motile. 

(b). Sexual reproduction by fertilisation. 

Order 6. Saprolegniew. Mycelium, a tubular cell: zoogonidia. 

Order 7. Peronosporee. Mycelium, a tubular cell: zoo- 

- gonidia are formed in the sporangium which is pave 
off as a conidium. . Hs 

Order 8. (?) Entomophthoree. ‘ 
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IL. The mycelium consists of multicellular hyphe. The presence of 
sexual organs has been ascertained in some members only. 
(a). Spores formed in the asci of a fructification. 

Order 9. Ascomycetes. 

(b). Reproductive cells formed by abstriction or by simple cell-division. 

Order 10. Ustilaginee. Reproductive cells of one kind only, 
formed by division of the hyphe. 

Order 11. Uredinez. The reproductive cells, which are usually 
of different kinds, are formed by abstriction or by cell- 
division at one point only of each basidium, partly 
in small fructifications (perhaps sexually produced) and 
partly on the mycelium. 


Order 12. Basidiomycetes. The reproductive cells, which are 
all of one kind, are formed by abstriction at different 
points on each basidium in asexual fructifications. 


1. The Schizemycetes are very minute organisms, of which little 
more than the outline can be detected ; they are therefore very easily 
confused with altogether different objects. 


The cells may be either isolated, and then ba. se 
spherical (Micrococcus, Fig. 84 a), er rod-like Wi 
(Bacterium, Fig. 84 6), or united into filaments ¢ OOS 
which may be straight (Bacillus) or spirally Fic. 84. —- Schizomycetes 


wound (Spirillum, Fig. 84). In Bacillus en- © *) @ Micrococcus ; 4 
Wit Bacterium ; ¢ Spirillum. 

dogonidia are formed: certain cells of the fila- 

ments undergo divisions, and the cells thus formed are distinguished 
by their longer persistence, and their power of resisting imjurious 
influences. Some forms produce colouring-matters in the course of 
their life (such as that causing the red colour of mouldy bread) ; 
others play a part in certain infectious diseases, such as Diphtheria, 
Cholera, Typhus, &e. 

2. Saccharomycetes. - These Fungi occur in fermenting — sub- 
stances. The mycelium consists of branched rows of oval cells, 
produced by successive budding: the cells separate very easily from 
each other. Endogonidia are produced in the cells under certain 
circumstances: they are four in number in each cell. These Fungi 
have the power of converting the sugar contained in the substance 
upen which they live into alchohol and carbonic acid. 


Saccharomyces cerevisiw, the ordinary yeast (Fig. 85), is only known in the 
cultivated state in which it is used in brewing, &c. SS. edlipsoideus occurs in 
nature on the surface of fruits, such as grapes, and causes the fermentation of 
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their juices after they have been crushed. /S. Mycoderma belongs to this group : 
it exists on the surface of fermented fluids and causes their further decompo- 
sition. 

3. Zygomycetes. Of these, the most 
common and the most important are the 
species of the genus Mucor, such as Mucor 
Mucedo, racemosus, stolonifer, which occur 
as mould on preserves, bread, &c. The 

Fic. 85.—Growing cells of Mycelium is much branched, but consists 
Yeast (Saccharomyces cerevisie) only of a single cell (Fig. 86 m): it grows 
kop pe in the substance and, when mature, throws 
up aérial branches. These become enlarged at their free ends, and by 
the cutting off of the enlargement by a curved partition, the sporan- 


~$ 


| XX , 
—— 
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7! i 
7 fh? Fic. 87.—Zygospore (z) of Mucor. 


Fic. 86.—Mucor Mucedo. m mycelium bearing a 
sporangium (s). 

gium is formed, within which numerous endogonidia are formed (Fig. 
86s). On germination, each endogonidium gives rise to a new mycelium, 
which, in its turn, bears sporangia and endogonidia. Under certain cir- 
cumstances the mycelium bears zygospores (Fig. 87 z). Two branches 
of the mycelium come into contact at their free ends, and a cell is cut 
off in each by the formation of a septum: the two cells coalesce (con- 
jugate) to form a single cell, the zygospore : its cell-wall becomes much 
thickened. After a long period of quiescence it germinates, and it 
usually produces a single hypha bearing a sporangium quite similar to 
those borne by the ordinary mycelium. 

4. The Chytridiacee are among the lowest of the Phycomycetes. 
Some of them consist of a single spherical or oval cell, which itself 
becomes a sporangium, its protoplasm giving rise to a number of 
zoogonidia. When one of these zoogonidia comes to rest, it assumes 
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the spherical form. These forms live in water either as saprophytes 
or as parasites upon aquatic plants. The genus Synchytrium includes 
forms which are parasitic upon land-plants, such as Anemone and 
Taraxacum : in these the single cell gives rise to several sporangia. 

5. Myxomycetes. In the mode of development of their conidia 
these plants resemble the Zygomycetes, but in their structure they 
differ widely from all other Fungi. In the vegetative condition 
they do not consist of cells or tissues, but they are simply masses of 
naked protoplasm, called plasmodia (Fig. 88 A), creeping from place 


Fic. 88.—A. Part of a plasmodium of Didymium leucopus (300). B. A closed sporangium 
of Arcyria incarnata. C, The same after the rupture of its walls (p) and expansion of the 
capillitium cp (20) (after Sachs). 


to place on the substratum, which may be tan, earth, decayed 
leaves, &c. At the same time a rapid streaming may be observed 
in the protoplasm itself. When it is reproducing itself, the whole 
plasmodium is converted into sporangia, which are spherical bodies 
resembling the fructifications of Truffles (Fig. 88 B); in these the 
conidia are formed. In some cases the whole of the contents of the 
sporangium are converted into conidia; in others, a part of them go 
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to form the capillitium (Fig. 88 ep), which is a network of filaments. 
On germination, the protoplasm of each conidium is set free, and 
either creeps about in an amceboid manner, or swims as a zoogonidium. 
These isolated masses of protoplasm unite in great numbers to form 
the large plasmodia. 


Aithalium septicwm, the “ flowers of tan,” occurs in the form of yellow plas- 
modia, which may be several square inches in extent, on spent tan: it forms 
masses of sporangia which are yellow externally and dark brown internally. 

Trichia rubiformis, and Didymium serpula are smaller forms which are 
commonly found in forests. The sporangia of the former are brown oval bodies, 
from 2-3 mm. in length ; they occur in groups on leaves or among Moss. 


6, The Saprolegniee are aquatic Fungi. The branched unicellular 
mycelium forms a dense growth upon the dead bodies of small animals 
or on parts of plants which are in water. Correlated with their mode 
of life is the fact that the reproductive cells formed in their sporangia 
are zoogonidia. Sexual reproduction is effected not by conjugation 
but by fertilisation. The organs are of two kinds: there are 
oogonia, which are spherical cells each containing several oospheres, 
and there are antheridia from which protuberances are developed 
which enter the oogonia and effect the fertilisation of the oospheres. 
The resulting oospores germinate after a period of quiescence and 
develope either sporangia or a mycelium bearing sporangia. 

7. The Peronosporee are parasitic upon other 
plants. The unicellular mycelium permeates the 
intercellular spaces of their tissues and absorbs 
nourishment by means of special organs from 
the neighbouring cells. Sporangia are formed 
on certain branches which usually project 
through the stomata of the host (Fig. 89): 
these are thrown off entire and are therefore 
usually spoken of as conidia. If they fall into 
a drop of water zoogonidia are formed within 
! 9 them which are set free: when these come to 
Fic. 89.—Hypha of Phy- yest they attach themselves to the cuticle of 
tophthora infestans bearing ‘ i ‘ 
sporangia projecting from their host, become invested by a delicate mem- 
a stoma (s) of the leaf of brane, and then germinate. In some no forma- 
the Potato; e¢ the spor-. dey : 
angia (150). tion of zoogonidia takes place, the sporangium 
itself developing a mycelium. In the forms in which sexual 
reproduction is known, the antheridium applies itself to the 
oogonium, and the oosphere contained in the latter becomes fertilised 
and is converted into an oospore, ‘The germination of the oospore 
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takes place after a long period of quiescence ; usually swarm-spores are 
formed within it. 

In the genus Peronospora, which is represented by many species (P. parasitica 
on Capsella, P. nivea on Umbellifere, &c.), only one sporangium is borne by each 
branch of the hypha which protrudes through a stoma. In Phytophthora the 
sporangia are displaced laterally by branches which arise from the hyphe bearing 
the sporangia, at their points of origin. To this genus belongs P. infestans which 
produces the potato disease. The tissues of the host undergo decomposition in 
the infected parts and turn black : the mycelium of the Fungus extends from the 
circumference of these spots, and throws up hyphe bearing sporangia through the 
stomata (Fig. 89). The zoogonidia developed in the sporangia of the parasite find 
their way to healthy plants: they also penetrate through the soil to the tubers, 
and the mycelium which is developed from them extends into the young potato- 
plant which grows from the tuber. No sexual reproductive organs have been 
observed in this Fungus as yet. Phytophthora Fagi infects and destroys the 
seedlings of the Beech. In Cystopus (C. candidus on Capsella and other Crucifers, 
C. cubicus on Composite) hyphe bearing sporangia are formed in great numbers 
close together under the epidermis and cause its rupture: each hypha bears a 
number of sporangia. 


8. The Entomophthorece are parasitic upon Insects. Hmpusa 
Muscee, for instance, infests house-flies more especially in the autumn. 
The sporangia are formed by abstriction from cells which protrude 
from the body of the fly. Within them endogonidia are formed 
which are projected against the under-surface of the bodies of living 
flies, the only part at which penetration is possible. In other 
species resting-spores have been detected which are possibly of sexual 
origin. 

9. The Ascomycetes have a mycelium consisting of multicellular 
hyphe on which a fructification is formed (ascertained with regard to 
some and hardly to be doubted with regard to the others) in con- 
sequence of fertilisation. The formation of the ascospores takes place 
within certain cells of the fructification called asct. Free cell-forma- 
tion takes place within them, usually eight spores being formed. Each 
of these surrounds itself with a proper cell-wall (v. Fig. 39) ; some- 
times they undergo division. They are usually extruded from the 
asci, Fertilisation may take place in two ways. In the one, two 
contiguous branches of the mycelium become intimately connected, 
of these one, which is usually the larger, is the female organ, it is 
frequently spirally rolled and is designated as the ascogonium (Fig. 90 
Band Cas); the other smaller one, which attaches itself to the asco- 
gonium is the male organ, the pollinodium (Fig. 90 Band Cp). In 
the other way, the female branch of the mycelium is spirally wound 
and ends in a projecting filament quite similar to the trichogyne of the 
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Floridee, (see page 112) to which the spermatia become attached. The 
spermatia are small cells, incapable of spontaneous motion, formed by 


Fic. 90.—Eurotium repens. A. A portion of the mycelium with hyphe (c) bearing conidia ; 
the conidia have already fallen off from the sterigmata (st); as, a young ascogonium. 
B. Ascogonium (as) with a pollinodium (p). C. Another with hyphe growing up round it. 
D. A fructification seen on the exterior. EF, F. Sections of unripe fructifications; w the 
investment ; f filaments arising from the ascogonium, which subsequently bear the asci. G. 
Anascus. H. A ripe spore (magnified) (after Sachs). 


abstriction in special receptacles known as the spermogonia (v. e.g. 
Fig. 99). Whilst the fertilised ascogonium developes and finally 
produces the asci (which are often arranged in a special layer called 
the hymenium, in which they are mingled with sterile filaments, the 
paraphyses) the surrounding cells grow to form an investment which 
wholly or partly encloses the product of fertilisation and with these 
constitutes the fructification. 

The mycelium also bears asexual reproductive cells, which are 
termed conidia or stylogonidia, because they are formed singly or in 
rows by abstriction from certain branches of the mycelium the ste7ig- 
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mata (Fig. 90 A, st). Many of the commonest forms of mould are 
the conidia-bearing forms of Ascomycetes which bear sexual organs 
and fructification only under exceptional conditions. Besides these, 
in many Ascomycetes conidia are formed by abstriction in special 
receptacles known as pycnidia. 


The following classification of the Ascomycetes is only provisional. 
A great number of them, characterised by a peculiar mode of existence, 
were formerly regarded as a distinct class and known as Lichens ; and 
as it is not possible at present to ascertain which forms among 
the other Ascomycetes are allied to them, the Lichens will be 
considered separately last of all. The Ascomycetes proper are 
commonly divided into four groups. 


(a) Erysiphee or Mildews. The fructification has no hymenium : 
the asci are distributed apparently without order in every direction 
and are often few in number; the fructification, the wall of which 
often has characteristic filamentous appendages, opens by irregular 
rupture ; or in some cases not at all, so that the spores are only 
liberated by its decay. 


Species of the genus Erysiphe and allied genera live on the surface of many 
plants, as the leaves of the Rose, the Hop and others, and form a delicate white 
film known as mildew. The hyphe of the 
mycelium throw out minute processes as 
suckers: The fructifications are visible to 
the naked eye as blackish specks. The 
conidia-bearing form of an Erysiphe of which 
the fructification is as yet unknown, which 
has been provisionally named Oidiwm 
Tuckeri, lives on the leaves and young fruit 
of the grape-vine, causing the well-known 
vine disease. 

To this division belongs a not uncommon 
mould, Lurotium Aspergillus (Fig. 90): in 
this form the conidia are abstricted in rows 
on a spherical swelling of the fertile hypha 
which bears the sterigmata. The commonest 
mould is Penicillium glaucwm, but it is 
doubtful whether it belongs to this group. 6. 91.—Fertile hypha of Penicilliwin 
It bears tufts of branched hyphe on which %“e™™ 8 The rows of conidia; m part 
the conidia are formed in rows (Fig. 91), ee ee ee 
In this stage it occurs as a greenish grey film covering the substratum on which it 
grows, such as moist damp substances and fluids of all kinds. The fructification, 
only lately discovered, is as large as a pin’s head and consists of a mass of pseudo- 
parenchymatous tissue which is traversed and absorbed by the ascogenous hyphx 
with the exception of the most external layer which remains as a wall. 
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(6) The Tuberacee or Truffles, have an underground, more or less 
spherical fructification, in which the hymenia bearing the asci line the 
surface of labyrinthine passages through the mass. The sexual . 
organs and any other organs of reproduction are not known. . 


Tuber estivum, brumale and other species are eatable and are known as Truffles ; | 
Elaphomyces granulatus, about the size of a walnut, is not rare. 

‘(e) Pyrenomycetes. The hymenium lines the inner surface of flask 
shaped or spherical receptacles, the perithecia (Fig. 92 C, cp) which 
open at the apex. These perithecia occurs singly or in great numbers 
on a peculiarly constructed body the stroma. 
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Fic. 92.—Claviceps purpurea. A. A Sclerotium (c) (x 2) bearing stromata (cl). B. Section 
of a stroma; cp the perithecia. C. A perithecium more highly magnified. D. An ascus 
ruptured, the elongated spores (sp) are escaping (Sachs). 


Among the simple forms with solitary perithecia must be mentioned the 
genera Sphaeria and Sphaerella, many species of which appear on dead leaves as 
black spots ; Calosphaeria, which forms its long slender perithecia in groups on , 
the wood and bark of cherry-trees ; Pleospora and Fumago of which the mycelium ; 
and conidia constitute the black film known as Smut which occurs on various 
parts of plants. 

Yn the compound forms, those, that is, which have a stroma, the stroma 
forms warty incrustations or patches of irregular outline, which have a punc- 
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tuated appearance owing to the numerous openings of the perithecia ; Diatrype 
disciformis which forms black warts as era as peas, belongs to this group, 
it is very common on dead boughs; also Nectria cinnabarina which has a 
bright red stroma, and occurs on many kinds of dead wood ; Nectria ditissima 
causes a disease on the branches of Beech-trees. ‘In other cases the stroma 
developes into an upright club-shaped or branched tufted body like the stromata 
of Xylaria, for instance, which occur very frequently on the trunks of trees ; 
the conidia often appear as a mealy dust on the upper portion. Claviceps 
purpurea, known as Ergot, or officinally as Secale cornutum, also belongs here. 
The mycelium of this fungus covers the young ovaries of the Rye or other cereals 
which it attacks and bears conidia which are imbedded in a mucilaginous 
substance, forming what is known as Honey-dew. By means of these, other 
plants may become infected. In course of time the fungus pervades the whole 
tissue of the ovary and after it has destroyed it, it forms a hard mass of tissue of 
about 1-2 centimetres in length and of a dark violet hue, the sclerotiwm, which 


is known as Ergot. This sclerotium, after it has fallen to the ground, gives rise 


in the following year to a few stromata which resemble little knobs borne on 
stalks (Fig. 92 A), and the perithecia, which are very numerous, are imbedded in 
the tissue at the surface (Fig. 92 B cp). The ascospores which are developed in 
these find their way to young Rye plants, and their mycelium, penetrating through 
the leaf-sheaths, extends to the flower where again the Honey-dew is formed. 
The various species of Cordyceps infect the larvae of insects. 

(d.) The Discomycetes differ from the preceding only in that the 
hymenium covers the surface of the discoid or cup-shaped fructification, 
the apothecium (Fig. 93 h). 

1. The Phacidiacee grow upon various 
parts of plants, to which the small 2h Eds . 
black fructification is closely attached. 9 aN intet 


Rhytisma acerinum appears in the form NN 
of round dark spots on the leaves of 


the Maple. The mycelium is probably ha ae oo ce 
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parasitic, but the development of the 

fructification does not take place until 

after the leaves have fallen. The same ; 

is the case with Hysteriwm nervisequium, fi ies be mks: Sa a apacenncat aleaa 
7on : E cation of Peziza convexula ; h the hymenium 

which inhabits the leaves of the Silver (after sachs). 

Fir, with H. macrosporum, which in- 

habits those of the Spruce, and with H. Pinastri, which inhabits those of the 

Pine. They cause the leaves to turn brown and to fall off. The fructifications are 

somewhat elongated, and cause the rupture of the epidermis. 

2. The Pezizacew have fleshy or waxy cup-shaped fructifications. They grow 
upon different substrata, Ascobolus upon dung, some species of Peziza upon 
earth, others upon parts of plants (P. Willkommi causes the so-called cancer of 
the stems of the Larch), Bulgaria, with a gelatinous orbicular fructification, upon 
dead branches, 

8. The Helvellacee have usually club-shaped fructifications, the smooth or 
reticulate surface of which is covered by the hymenium. To this group belong 
the (esculent) species of the genus Morchella, the Morell, Helvella, &c. 
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The Lichens were formerly regarded as a distinct class ; but recent 
investigations have shown that they are Ascomycetes belonging to the 
Pyrenomycetes and Discomycetes which are parasitic on Algw. These 
Algz are enclosed in the thallus of the Lichen and were formerly termed 
gonidia (Fig. 94 9g). The 
gonidia are either solitary 
spherical green cells belong- 
ing to the Palmellacez 
(Algze) ; or they are cellular 
filaments : if they are of a 
red colour they belong to 
the genus Chroolepus, if of 
a bluish-green they belong 
to the genus Nostoe or to 
some other genus of the 
Phycochromacee. They 
may be either irregularly 
distributed throughout the 
thallus, when it is said to 
be homoiomerous, or they 
may be arranged in definite 
layers in the mycelium, 


| when the thallus is said to 

‘Fic. 94.—-Transverse section of the thallus of Sticta ! 
, . 
JSuliginosa (500). o cortex of the upper surface ; u under be heteromerous (Fig 94) 


surface ; m network of hyphz forming the medullary The organs of reproduction 


layer; g gonidia ; r root-like outgrowths (rhizines) of belong entirely to . the 
the under surface (after Sachs). i 


Fungus, and the spores 
are produced in asci. The asci in some cases form a layer on the sur- 
face of certain cup-shaped receptacles called apothecia (in the Discomy- 
cetes); in others they are enclosed in perithecia (Pyrenomycetes) 
(Angiocarpous and Gymnocarpous Lichens.) In these, as in other 
Ascomycetes, spermogonia occur : in the Lichens they are probably to 
be regarded as male organs in which spermatia are formed by abstric- 
tion. The spermatia are conveyed by water to the female organ, the 
trichogyne, which has been already mentioned (page 121) and the 
result of fertilisation is the development of an apothecium from the 
basal part of the female organ (ascogonium) which is imbedded in the 
thallus. Lichens are also ‘reproduced by means of soredia: these are 
small groups of gonidia invested by hyphe, which are set free from 
from the thallus and grow into a new individual (Fig. 95). | 
Lichens grow on trees, rocks, walls, and on the earth amongst 


| GROUP I.—THALLOPHYTA. 127 


Mosses : they may become completely dried up without having their 


vitality destroyed. 

According to the form and 
texture of the thallus, Lichens 
may be arranged in the four 
following groups. 

1, Fruticose Lichens. The 
thallus grows erect in a shrub- 
like manner: its internal struc- 
ture is the same in all parts, 
that is, there is no distinction 
of an upper and an under 
surface: the gonidial layer 
usually forms a hollow 
cylinder. 

To this group belong the various 
species of Usnea (Fig. 96 A), and 


allied genera with a cylindrical 
thallus which grow on_ trees. 
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Fic. 95.—A—D. Soredia of Usnea barbata. A. 
A simple soredium, consisting of a gonidium 
covered with a web of hyphe. B. A soredium, in 
which the gonidium has multiplied by division. 
C. A group of simple soredia, resulting from the 
penetration of the hyphze between the gonidia. 
D, #. Germinating soredia ; the hyphe are forming 
an apex of growth, and the gonidia are multiply- 
ing (after Sachs). 


Roccella tinctoria, grows on rocks in 


regions bordering on the Mediterranean ; from it and other allied Lichens 


Fie. 96.—A. A fruticose Lichen, Usnea barbata, with apothecia, a. B. A foliaceous Lichen, 
Sticta pulmonacea, with apothecia, a (nat. size) (after Sachs). 


litmus is prepared. Ramalina and Evernia, with a ribbon-shaped flattened 
thallus, occur on trees and wooden fences; Cetraria islandica, is the 
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Iceland Moss, which forms a mucilaginous fluid when boiled with water. 
Anaptychia ciliaris which resembles the foliaceous Lichens, with a flattened 
thallus, is common on the trunks of trees. Cladonia, has a scaly decumbent 
thallus from which erect branches spring bearing the apothecia: Cladonia 
Jfimbriata is common ; Cladonia rangiferina, the Rein-deer Moss, occurs on 
moors : Spherophorus has the same external appearance but it is pyrenocarpous. 


2. Foliaceous Lichens. The thallus is flattened and adheres to 
the substratum : the green (rarely bluish-green) gonidia form a single 
layer beneath the upper surface (Fig. 94). The margin of the thallus 
is usually lobed. 


Parmelia parietina occurs with its bright yellow fertile thallus on tree-trunks 
and walls, together with other species of a grey colour. Sticta pulmonacea (Fig. 
96 B), has a reticulated yellowish thallus, and grows on tree-trunks. Peltigera 
is represented by several species which grow on mossy banks in woods: the 
apothecia are borne on the margin of the lobes of the thallus. Umbilicaria and 
Gyrophora, of a dark colour, grow on siliceous rocks. Endocarpon has a grey 
thallus with numerous small perithecia which appear as black dots: it grows on 
rocks, 

3. Crustaceous Lichens. The thallus is usually indefinite in outline 
_and can often be scarcely distinguished from the substratum, the 
fructification alone being conspicuous. 

The numerous species and genera are classified according to the size and form 
of the spores and to the structnre of the fructification. 

(a.) Discocarpi: the apothecium is 
surrounded by an outgrowth of the 
thallus, and in the Lecanoree it is at 
first entirely enclosed by it, e.g., 
Lecanora subfusca common on the 
trunks of trees : in the Lecideacez it 
is surrounded by a ridge but is never 
enclosed ; to this group belong the 
common Buellia parasema, occurring 
on tree-trunks, Rhizocarpon geographi- 
cum, Which forms bright yellow in- 
crustations of often enormous extent 
on silicious rocks. The apothecia are 
irregular, sometimes linear in form 
(Fig. 97 A B) among the Graphidee, 
the gonidia of which are the red 
cells of Chroolepus: Gvaphis scripta 
is common on the trunks of Beeches. 

3! The small Caliciceee, which are common 

Fie. Peme ets a aeons Cie B. on bark, on wooden fences, &c., have 

Fe at mamta stalked apthess, a als the omy 

Sachs). cee (without any ridge): Baomyces 
roseus is common on sandy soil. 

(b). Pyrenocarpi. The ‘perithecia are imbedded in outgrowths of the thallus 
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either singly or several together as (Fig. 97 C) in Pertusaria: they project from the 
thallus and are provided with a special black investment in the Verrucariez. 

Many species of crustaceous Lichens inhabit the highest peaks of the Alps on 
which no other vegetation is to be seen, and they contribute materially to the 
weathering of the rocks. When they grow on the trunks of trees, they occur 
more especially upon those which have a smooth surface: the formation of bark 
interferes with their growth. 


4. Homoiomerous Lichens. The gonidia belong to the Phyco- 
chromacee: the thallus is usually lobed, 
of a dark colour, more or less gelatinous, 
sometimes filamentous. 

The latter is the case in Ephebe, which consists 
essentially of a filamentous Alga (Sirosiphon) 


surrounded by hyphe. Collema is gelatinous 
(Fig. 98) ; it grows on moist earth and on rocks. 


10. The Ustilaginee are parasitic in the frig. 98.—A gelatinous Lichen, 

tissues of the higher plants. They have “ema pulposum, slightly magni- 
: : fied (after Sachs). 

spores.of one kind only, which are formed 
by division of the hyphe, and which are usually of a black colour. 
These spores occur in great numbers in those parts of the host, 
usually the reproductive organs, which are permeated by the mycelium. 
Several species infest our Cereals, and the seeds become filled with 
spores. ‘These spores germinate at the same time as the sound seeds, 
and the mycelium penetrates the young plants and extends into the 
flowers, where a fresh formation of spores takes place. 


The most important and the most common species are Ustilago Carbo, 
which especially attacks Oats, but other Cereals and Grasses as well: U. 
Maidis, which produces large tumours in the Maize, filled with spores; JU. 
occulta, which fructifies in the leaves and haulms of the Rye: Tilletia caries the 
smut of Wheat ; this is dangerous because the grains filled with spores remain 
closed and are therefore harvested with the sound ones. Many other species and 
genera infest wild plants. 


11. The Uredinee or Rusts are also parasites: their mycelium 
inhabits the cells of various kinds of plants and usually bears several 
kinds of reproductive cells. In most of them, small fructifications, 
termed wcidia, are borne by the mycelium, formed probably in 
eonsequence of the fertilisation of female organs by spermatia (Fig. 
99 I. a and A). They project from the surface of the infested plant 
as small cups ; the interior is covered towards the base by a layer of 
basidia on each of which there is a row of spores, generally of a red 
colour, which have been formed by abstriction : the investment of the 
fructification is formed by the peripheral rows of spores, which are 
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sterile and which have become coherent. Besides these ecidia, and 
generally associated with them, are found spermogonia (Fig. 99 I sp) in 
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f Fia. 99.—Puccinia graminis. J. Transverse section of a leuf of Berberis, with ecidia (a) ; 
p, the wall of the zcidia ; u, lower ; 0, upper surface of the leaf which has become thickened 
at wu y in consequence of the presence of the parasite; onthe upper surface are spermogonia 
(sp). A. A young ecidium which has not yet burst. J. Layer of teleutospores (t) on the 
leaf of Triticum repens; e, its epidermis. J//. Part of a layer of uredospores on the same 
plant ; ur, the uredospores ; t, a teleutospore (after Sachs). 


which the spermatia are developed ; in addition to these—but generally 
at a different season of the year—two other forms of reproductive 


cells occur, which are abstricted from their basidia singly and not in. 


rows, and the basidia bearing them do not form a definite hymenial 
layer, but irregular groups, which break through the epidermis of the 
host. These cells are, firstly, the wredospores or “ summer-spores ” 
(formerly regarded as a distinct genus and called Uredo Fig. 99 
ITI ur); they are always one-celled, usually of a red colour, and 
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they germinate without any period of quiescence, by the protrusion 
of an ordinary mycelial hypha: by means of these the parasite is 
conveyed to other individuals on which in a few days it produces 
fresh spores. Secondly, there are teleutospores or “ winter-spores,” 
which are mostly black and often many-celled (Fig. 99 7/7 ¢ and JJ); 
they are formed in many species only in the autumn, and persist 
during the winter, germinating subsequently in a peculiar manner. 
The hypha produced from the spore, the promycelium, divides into 
four cells, from each of which a minute cell, called a sporidium, is 
abstricted, which finds its way to a host. These various forms of 
spores usually alternate; thus the mycelium developed from the 
ecidio-spores produces uredospores, and the mycelium that proceeds 
from these (often after a few uredospore-bearing generations have 
intervened) produces teleutospores ; from these sporidia are developed, 
which, when they germinate, give rise to a mycelium producing 
ecidia. In many species heterwcism takes place, that is, that this 
variety of form of the reproductive cells is connected with a change of 
hosts. All species, however, have not so great a variety of spore-forms. 
Some Uredineze are known in which ecidiospores produce ecidia, and 
the same is true of teleutospores. In other cases there are grounds for 
assuming that their life-history is at present but imperfectly known, 
They fall into the following natural subdivisions : 

I. Pucciniee. The teleutospores are one or more-celled on solitary free stalks ; 
eecidia and uredospores are also commonly found. To the genus Puccinia, with 
a two-celled teleutospore, belongs Puccinia graminis (Fig. 99), the Rust of Wheat ; 
the uredospores (formerly called Uredo linearis) form red streaks on the leaves 
and haulms of cereals and grasses ; in the autumn, the teleutospores appear in 
similar streaks, but they are black; these germinate in the following spring 
exclusively on the leaves of Berberis where the ecidia appear in red swollen 
patches (formerly known as 4Zcidiwm Berberidis) ; the ecidiospores are conveyed 
to Grasses and there give rise to a mycelium with uredospores, the Rust. The 
same processes take place in P. straminis, the ecidia of which are formed on 
Borages ; and P. coronata, the ecidia of which are formed on Rhamnus. These 
three forms of Rust cannot grow on Grasses unless their ecidia have been pre- 
viously produced in the spring ; hence their appearance depends on the presence 
of plants which are suitable for the development of the ecidia. Of P. Malva- 
cearum, only the teleutospores are known ; they are constantly reproduced from 
the mycelium which they form, so that no alternation occurs. P. Compositarum 
has different kinds of spores, all produced on the same species of plant. 
Uromyees differs from Puccinia only in having one-celled teleutospores ; U. Bete is 
the Rust which grows on the Beetroot; to this genus the ecidium may probably 
be referred which is formed in the leaves of Euphorbia Cyparissias (probably to 
U. Pisi, the rust of the Papilionacee, or to U. scwtellatus, that of the Euphor- 
biz), and causes a conspicuous enlargement of them. The ecidium-mycelium 
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is perennial in the rhizome of the Spurge. Phragmidium, with many-celled 
teleutospores, is common on the leayes of the Rose, Blackberry, and others. 

II. Gymnosporangiee. The teleutospores are two-celled, on stalks which are 
united into a gelatinous mass; the mycelium which bears them is perennial in 
the branches of some Conifer, particularly the species of Juniper ; teleutospores 
are formed in the spring and germinate on the leaves of Pomace, on which the 
large ecidia, which open in a peculiar manner, are found in summer. Gymno- 


sporangium fuscum occurs on Juniperus Sabina, the ecidia (known as Roestelia 


cancellata) on the leaves of Pears: G. clavariaeforme on Juniperus communis, 
the ecidia ( Roestelia lacerata and penicillata) on the leaves of Apples and Haw- 
thorns: G. conicwm on J. communis, and the excidia (R. cornuta) on the 
Mountain Ash. 


III. Melampsoree. The teleutospores are many-celled, and are united together | 


into a firm palisade-like layer ; the ecidia are for the most part unknown, but 
the uredospores of many forms have been found. Melampsora has black layers 
of teleutospores ; IM. salicina, populini, Lini attack the plants whose names they 
bear. Calyptospora Géppertiana occasions conspicuous swellings on the stems of 
Vaccinium Vitis idea. Chrysomyxa Abietis, with gold-coloured teleutospores, 
appears at the end of April on the second years’ leaves of Spruces, and, as they ger- 
minate, they infect the young leaves. Coleosporium, likewise with gold-coloured 
teleutospores, grows on many herbaceous plants. -Zcidiwm Pini forms a peren- 
nial mycelium in the leaves and bark of Pine-trees, and bears in the spring its 
ecidia, which have a white investment ; it belongs to Coleosporwm Senecionis, a 
common species, which bears uredospores in the summer and teleutospores in the 
autumn, on Senecio sylvaticus. The innoculation of Pines can only be effected by 
means of the teleutospores formed on Senecio. 

IV. The Endophylice bear only ecidia which reproduce themselves without the 
intervention of any other form of spore. ZEndophyllum Sempervivi grows on the 
leaves of the House-leek, 

V. Imperfectly-known Aicidia which do not directly reproduce themselves and 
must therefore possess teleutospores : the relations of these are not as yet known. 
To these belong cidiwm elatinwm, which inhabits the cortex of the Silver Fir, 
and causes large crab-like excrescences, as well as the monstrous growth of twigs, 
known as ‘‘ Witches-brooms,” on the leaves of which the wxcidia appear. Ac. 
Abietinum occurs on the leaves of the Spruce in mountainous districts. 4c. strobi- 
liiwm, on the scales of Spruce-cones. Caecoma is also regarded as an ecidium ; 
the hymenial layer is not inclosed by any investment. C. pinitorgwwm grows on 
the branches of young Pines, often on one side only, so that they become bent. 


12. Basidiomycetes, To this group belong most of the larger Fungi 
commonly known as Mushrooms and Toadstools. The mycelium 
consists of delicate white strands of hyphe which pervade the sub- 


stratum upon which it grows, and the part which is usually recognised 


as the Fungus is the fructification, that is, the organ which produces 
the spores. It was formerly thought that this fructification was 
formed, as in the Ascomycetes, as the result of a process of fertilisa- 
tion taking place in the mycelium ; but most careful investigation has 
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failed to detect any trace of a sexual process; the fructification is simply 
formed by the outgrowth of certain parts of the mycelium. In view 


of the high organisation 
of these Fungi, it may 
be reasonably assumed 
that sexuality has here 
gradually disappeared. 

The spores are formed 
in or upon the fructifi- 
cation on cells termed 
basidia, which together 
form thehymenium ; the 
basidium (Fig. 100 C) 
usually bears at its sum- 
mit four small, slender 
processes, stertgmata, 
from each of which a 
spore is abstricted. 

(a. )The Tremellinee, 
or gelatinous Fungi, 
have basidia resembling 
in form the promyce- 
lium of the Uredinez. 
The fructification is soft 
and mucilaginous ; its 
surface is covered by 
the hymenium which, 
at the time of the forma- 
tion of the spores, looks 
as though powdered 


with white dust. . 


Tremella mesenterica 
with irregularly furrowed 
fructification ; Exidia 
Auricula Jude, a spongy 
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Fic. 100.—Agaricus campestris. A. Tangential section of 
the pileus, showing the lamellz#,/. B. A similar section of 
a lamella more bighly magnified ; hy, the hymenium ; t, the 
central tissue called the Trama. C. A portion of the same 
section more highly magnified (550); g, young basidia and 
paraphyses : s’, the first formation of spores on a basidium ; 
s’, more advanced stages; at s’” the spores have fallen off 
(after Sachs). 


Fungus growing on the Elder with a brownish fructification somewhat resembling 
the shell of an ear, and others, are not rare on rotten wood. 


(b.) Hymenomycetes. 


The structure of the basidia is similar to that 


above described ; the fructification bears the hymenium on its upper 
surface which is very various in form ; the very numerous forms are 
accordingly subdivided into : 
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1. Thelephoree ; the surface bearing the hymenium is extended over the 
substratum as a crust, or else forms the smooth under surface of a hat-shaped fruc- 
tification. The simplest form is Hxobasidiwm Vaccinii which is parasitic on the 
leaves of the Red Whortleberry and very commonly covers them with a whitish 
crust. Corticium forms crusts on the bark of trees: Stereum has a hat-shaped 
fructification which, when seen from above, bears some resemblance to various 
species of Polyporus but it has a smooth hymenial surface ; it is common on 
trunks of trees, palings, &c. 


2. Clavariee. The hymenium clothes the smooth surface of the fructification 
which is cylindrical, or club-shaped and often branched. The genus Clavaria 
has many species ; C. flava has a sulphur-yellow coral-like fructification which is 
edible (Fig. 101 4). 


Fie. 101.—A. Branch of Clavaria flava (nat. size). B. Fructification of Hydnum imbrica- 
tum; st, prickles; 8s, scales of the upper surface ({ nat. size). €. Longitudinal section 
through the fructification of a Polyporus; p, the tubes clothed with the hymenium ; the 
tubes show on the under surface as pores (} nat. size). 


3. Hydnee. The hymenium covers prickly projections of the fructification 
which is either a crust, or is hat-shaped, and is either attached laterally or stalked. 
Hydnum imbricatum is eatable : other species have a fleshy pileus with a central 
stipe (Fig. 101 B). 

4. Polyporee. The hymenium clothes the inner surface of tubes, which are 
either free or more often connected into a layer which covers a portion of the 
fructification. The fructification of Polyporus and Trametes is generally attached 
laterally and often of a horse-shoe shape (Fig. 101 C). P. fomentarius is used in 
the preparation of what is known in England as German tinder ; P. officinalis is 
used in medicine as Fungus Laricis ; the mycelium of Trametes Pini attacks the 
heart-wood of Pines and makes them decay ; 7. radiciperda occurs in the roots 
and lower part of the trunk of Spruces and Pines, causing their destruction. 
Daedalea occurs on old oaks ; its tubes anastomose and form a labyrinth. The 
mycelium of Merulius lacrimans penetrates the timbers of houses and causes 
them to decay (Dry Rot). Boletus has a fleshy stalked pileus from which the 
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hymenial layer may be easily separated. Boletus edulis and scaber are edible ; 
B, Satanas and others are poisonous. 

5. Agaricine. The hymenium clothes special lamelliform outgrowths of the 
fructification which commonly assumes the form of a stalked or sessile pileus. 
The stalked forms are either naked from the first, or they are enclosed at an early 
stage in an investment which remains after the full development of the fructifica- 
tion as an appendage of one form or another. An investment which at first 
surrounds the whole pileus and stipe, and, at maturity, surrounds the base of 
the stipe like a sheath, as 
in Amanita, is called a velum 
universale (Fig. 102 A Bv) : 
while a velum partiale only 
covers the under surface of 
the pileus where the la- 
melle are borne, and when 
this is fully developed, it is 
represented only by frag- 
ments hauging from the 
margin or forming a ring 
round the stipe (Fig. 102 
C a), e.g., Agaricus cam- A 
pestris and procerus : in the st 
Fly-toadstool, Amanita mus- 
carius, both kinds of velum Fia. 102.—A Early stage in the development of the fracti- 
fication of Agaricus vaginatus: v the velum universale ; st 
the stipe ; % the pileus ; 7 the lamellz. B A somewhat later 
stage; vtheruptured velum. C Agaricus melleus: m the myce- 
characters the colour of the jjum: a the ring formed by the velum partiale (4 nat size). 
spores is also of importance 
for distinguishing the species; this is easily discovered by laying the fructifi- 
eation on white or black paper, which becomes covered with the spores which 
fall out very readily. 

The great genus Agaricus (the lamellated Fungi) has lately been subdivided into 
several genera. In Coprinus the fructification very soon undergoes disintegration 
forming a black shiny fluid; Lactarius contains milky juice (latex). In 
Cantharellus the lamelle are prolonged down the stipe. Of edible species the 
following may be named ; Cantharellus cibarius, Lactarius deliciosus, Agaricus 
campestris, the Mushroom, A. procerus, distinguished by a moveable ring, and 
A. Caesareus : the poisonous species are Lactarius torminosus and Agaricus or 
Amanita muscarius. A. melleus has a peculiar mycelium, matted into strong 
shining black cords, formerly regarded as the genus Rhizomorpha, which lives in 
the bark of trees and kills young Conifers, particularly Spruces and Pines; it gives 
off subterranean branches which attack the roots. 

The fructification of other species is of a hard leathery or woody consistency ; 
these live commonly on old wood ; such are Panus, with a smaJl pileus mounted 
on an eccentric stipe ; Lenzites, where the pileus is lateral and sessile ; Marasmius 
the elegant pilei of which are often seen on the leaves of Conifers which have 
fallen off. 
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are present together. Be- 
sides these conspicuous 


(c.) Gastromycetes. In these, as the name suggests, the hymenium 
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is enclosed within the fructification, the internal tissue of which forms 
numerous cavities or chambers, the dividing walls being known as the 
trama ; the hymenium clothes these cavities, being attached to the 
trama. When the fructification is ripe, great changes commonly take 
place in this internal tissue; the external wall (peridiwm) usually 
consists of two layers. This group is subdivided as follows according 
to the modifications undergone by the internal tissue and the character 
of the peridium : 


1. The Hymenogastrew in which the chambers and hymenium are persistent ; 
these are trufflle-like underground Fungi. 

2. Lycoperdacee (Puff-balls) ; only a few strong threads of the internal trama 
remain, forming the capillitiwm, with the isolated spores between them. In 
Lycoperdon the outer peridium scales off, the inner splits open at the top, and the 
spores escape as a cloud of dust. In Geaster the outer peridium splits in a star- 
shaped manner and rolls back ; the inner opens by a hole at the summit. 

3. The Nidulariew have a vase-shaped fructification within which the chambers 
become isolated, forming small hard bodies. Crucibulum and Cyathus are not 
rare on rotten wood. 

4. The Phalloidee. The peridium consists of three layers, and after they are 
ruptured the whole internal tissue is elevated on a stalk and becomes an ill 
smelling mucilaginous mass containing the spores. Phallus impudicus is 
poisonous and occurs among brushwood. 


GROUP IL. 
MUSCINEAZ. 


In this group we find a sharply defined alternation of generations 
which, in certain points, agrees with that of the following group; a 


sexual generation, that is one which produces sexual organs, alternates 
with an asexual generation which produces only spores. The germi-: 


nating spore gives rise to the sexual generation (oophore), the Moss- 
plant, in some cases directly, but in most cases after the formation of 
a filamentous growth, the protonema. This generation is morphologically 
differentiated into members; in the lower forms it is a thallus, but in the 
higher it consists of stem and leaves, and is capable of repeatedly deve- 
loping sexual organs. From each fertilised oosphere an individual of the 
asexual generation is developed, which continues to be superficially 
connected with the original Moss-plant, and assumes the form of a 
stalked capsule, which is commonly known as the fruit of the Moss; 
this body forms spores, without any ramification or repetition, and its 
vital activity ceases with the ripening of the spores (sporophore). 


’ 
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they move in the water usually present in 
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Since Mosses have a distinct stem and leaves, but no true roots nor 
vascular tissue, this group takes the lowest rank among the Cormo- 
phytes. 

The male organs, as in all the higher 
Cryptogams, are called Antheridia, the 
female, Archegonia. 

The antheridia are spherical, ovate, or 
elub-shaped bodies, with long or short stalks 
(Fig. 103); their external layer of cells 
forms a sack-like wall, while in each of the 
internal cells, which are small and very 
numerous, an antherozoid is developed. 
The wall ruptures at its apex when it is 
moistened, and the mother-cells of the 
antherozoids are set free; they subsequently 
discharge their contents. The antherozoids 
(Fig. 103 c) are spirally-wound filaments 
thickened posteriorly; the anterior end 
is furnished with two delicate cilia by which 


the capillary spaces between the leaves of 
Mosses. 

The archegonia (Fig. 104) are flask-shaped 

2 ‘ F 2 Fic. 103.—Funaria hygromet- 

bodies, dilated at the base and terminating ji. 4 An antheridium burst- 
upwards in a long neck. An axial row of ing; 4, the antherozoids (x 350). 

Tae pend 3 l Hvsant ees: B. The antherozoids more 
cells is contained in each archegonium; the strongly magnified: 5, in the 
lowest cell, which is the largest, is the mother-cell ; c, free antherozoids 

' f Polytrich 800). 
oosphere, and the remainder are canal-cells ; % *¥™ehum (800) 
the latter are disintegrated shortly before fertilisation so as to form a 
slimy mass ; the four uppermost cells of the neck, the stigmatic cells 
(m), separate, and the antherozoids pass through the opening into the 
canal and reach the oosphere, which becomes enclosed in a membrane 
after fertilisation. 

The sexual organs are often solitary, but are also frequently collected 
into groups which sometimes consist exclusively of archegonia or 
of antheridia, but sometimes of both. These groups, known some- 
times as Moss-flowers, are occasionally surrounded by special invest- 
ments, the perichetium and the perigynium, consisting of modified 
leaves. The hair-like organs which occur at the insertion of the 
sexual organs in these so-called flowers are the paraphyses. The 
second or spore forming generation (sporophore), the sporogonium, is 
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immediately developed from the fertilised oosphere. The base of the 
sporogonium penetrates more or less into the tissue of the Moss-plant 
and is even nourished by it, but the cells of the two generations are 
not in organic connection with each other. The wall of the arche- 
gonium, within which the development of the oospore into the 
sporogonium proceeds, continues to grow for some time, and surrounds 
the young sporogonium, when it is called the calyptra (Fig. 105 ¢ h). 
At a later stage it is ruptured in different ways according to the family 
to which the plant belongs, and the remains cling to the base or to the 
apex of the sporogonium. 
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Fic. 104.—Funaria hygrometrica. A. 
Longitudinal section of the summit of Fic. 105.—Funaria hygrometrica. A. Origin of 
a weak female plant (x 100); a, arche- the sporogonium (ff) in the ventral portion (6 6) 
gonia; b, leaves, B. An archegonium of the archegonium (longitudinal section x 500). 
(x 550); 6, ventral portion with -the B. C. Different further stages of development of 
central cell; h, neck; m, mouth still the sporogonium (f) and of the calyptra (¢); h, 
closed ; the cells of the axial row are be- neck of the archegonium (x about 40), 
ginning to be converted into mucilage. 
¢. The part near the mouth of the neck 
of a fertilised archegonium with dark red cell-walls (after Sachs). 
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The sporogonium assumes, sooner or later, the form of a capsule 
with a more or less elongated stalk (seta). Certain layers of tissue 
within the capsule give rise to the spores, by division of their cells into 
four. In the true Mosses and the Anthocerotex, a central mass of tissue 
is left which does not give rise to spores, and is called the columella. 
On the other hand, in many of the Liverworts, some cells of the 
spore-forming tissue do not give rise to spores, but form the elaters, 
which are cells usually having a spiral thickening on their inner surface. 
The spores are in many cases set free by the decay of the wall of the 
capsule, but in general the capsule splits open, either in segments from 
the apex to the base, or irregularly, or the upper part of the capsule 
comes off like a lid (operculum) ; in most of the true Mosses there is 
an operculum which, from the first, is differently constructed to the 
rest of the capsule. 

The spores are spherical or tetrahedral ; their cell-wall consists—as 
also in the following groups—of two layers; an outer and tougher 
one, the exospore and an inner and more delicate one the endospore. 
On germination, the outer layer splits open and the cell, surrounded 


Fic. 106.—Funaria hygrometrica. A. Germinating spores: w#, root-hair.; s, exospore, 
B. Part of a developed protonema, about three weeks after germinating ; hk, a procumbent 
primary shoot with brown wall and oblique septa, out of which arise the ascending branches 
with limited growth. K. Rudiment of a leaf-bearing axis with root-hair (w). (4 x 550, 
B about 90). 


by the endospore, grows and divides, a process which in most cases 
leads to the formation of the protonema, which is either a network 
composed of filaments of cells containing chlorophyll, or else a flat, 
green, cellular body. The rows of cells forming the protonema are 
Jateral appendages, which. are either limited (Fig, 106 Bb) or unlimited 
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(Fig. 106 B h) in their growth; it is thus the simplest form of the 
Moss-plant. This is most conspicuous in the cases where it passes 
directly at its apex intoa Moss-plant. More frequently this transition 
takes place by means of lateral buds (Fig. 106 4 A) which arise at 
the base of a limited lateral branch. 

The branching of Mosses is never axillary; the lateral shoots 
usually arise by the side of or below the leaves. 

Many of the Mosses have organs for vegetative propagation, 
commonly known as bulbils or gemma, and besides these special 
organs they are in the highest degree capable of vegetative multiplica- 
tion by simple branching and innovation ; indeed the forms which are 
of most frequent and extensive occurrence, e.g., Hylocomium triquet- 
rum, increase chiefly by these methods and rarely produce capsules. 

The group is naturally divided into two classes which are dis- 
tinguished principally by the following characters. 


Class III. Hepatice, (Liverworts). The capsules never open by the 
separation of a specia] operculum ; they are either four or two-valved, 
or they open irregularly by the rupture of the upper portion, or they 
do not open at all. In most of the orders elaters are found among the 
spores ; a columella is present only in the Anthrocerotez ; the spores 
ripen whilst the capsule is still enclosed in the calyptra. The 
ealyptra clings, after its rupture, to the base of the capsule. The 
plant of the first generation is a thallus, or a stem furnished with 
leaves, the leaves being formed of only a single layer of cells; the stem 
is always bilateral ; the root hairs are unicellular. 


Class IV. Musci, (True Mosses). The capsule usually opens by a 
distinct operculum; elaters are never present, but the columella 
always, at least in the early stages. The calyptra is usually ruptured 
by the capsule long before the spores are ripe, and is elevated upon it. 
The plant of the first generation is a stem furnished with leaves which 
not unfrequently have a midrib of several layers of cells ; the stem is 
not usually bilateral; the root-hairs are multicellular. 


Crass TIL—HEPATIC/Z, (LIVERWORTS). 


The capsule usually splits into four valves; elaters with sptral 
thickening are almost always present, but there is usually no columella ; 
the calyptra remains attached at the base of the capsule. 
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The plant of the first generation, in some of the forms belonging 
to this class, is actually a leafless thallus; in others it is a thalloid 
stem, furnished with small scale-like leaves ; others again have a stem 
bearing green leaves. The two first are said to be frondose, the last 
foliose. The frondose species cling closely to the surface on which 
they grow, and are consequently bilateral, the two sides or surfaces 
differing considerably : the cells of the upper surface contain much 
chlorophyll and are generally protected by a distinct epidermis, those 
of the under surface contain but little chlorophyll and alone give 
rise to root-hairs. The foliose forms also frequently creep over the 
substratum and exhibit various furms and arrangements of their 
leaves corresponding to their mode of life. In correlation with the 
bilateral structure which obtains throughout the whole class, the 
leaves are of two kinds ; inferior leaves, which are inserted upon the 
side of the stem which is in contact with the substratum, and which 
are imperfectly developed ; these are the only leaves borne by the 
frondose Liverworts which have any: in addition to these leaves 
(called in the foliose forms amphigastria) the foliose Liverworts have 
two rows of Jateral leaves, which are inserted upon each side of the 
upper surface of the stem. 

This class includes four orders. 


Order 1. RicorEm. 
The archegonia and antheridia stand isolated on the upper side of 
the thalloid stem. The capsule is spherical, usually sessile; it contains 
no elaters, and does not rupture. 


Riccia fluitans has a beautiful dichotomously branched stem, and 2. natans a 
broad lobed stem ; they occur occasionally in water ; 2. glauca and other specics 
occur on fields. 


Order 2. ANTHOCEROTE. 


The thallus, which contains much chlorophyll 
and is irregularly branched, creeps on the ground. 
The archegonia are imbedded in the upper sur- 
face. ‘The capsule is long and thin, like a pod; it 2_gl4 wl 
splits open from above into two long valves ; it Tics Miblove daisies 
contains a columella and elaters which have no '¢ (uat. size) X. The 


. capsules, some as yet un- 
spiral bands. opened, 


<4 ga oy) 


Anthoceros laevis (Fig. 107) and punctatus are found on loamy and sandy fields 
and woodland clearings ; they are not common, but where they occur they grow 
in considerable quantity. 
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Order 3. MaRcHANTIES. 


The archegonia and antheridia are usually collected respectively 


into groups on special upright, umbrella or hat-shaped branches, the 


receptacles, (Fig. 108 A hu) of the thalloid stem: the stem bears on 


Fic. 108.—Portion of a stem of Marchantia polymorphia (t), with the upright male recep- 
tacle (bearing antheridia). 3B. Portion of a stem with a receptacle containing gemme ; 
v v, apices of the two branches (after Sachs). 
its upper surface numerous large stomata, and on its lower surface, two 
rows of scaly inferior leaves and a number of root-hairs. The capsule 
contains elaters and opens irregularly, or by four valves, or by the 
removal of its upper part.. 

Marchantia polymorpha, which is very common on paths, on walls and in 
peat-cuttings, has a thick, creeping, dichotomously-branched stem. The 
antheridia are borne on the upper side of umbrella-shaped branches (Fig. 108 
A hw) and the archegonia on the underside of similar radiated receptacles, 
Besides these the stem produces from its upper surface cup-shaped vessels 
containing gemme (Fig. 108 B). Fegatella conica is similarly provided with a 
conical receptacle ; in Reboulia hemisphaerica it is semi-globular ; these plants 
occur on rocks and damp walls particularly in mountainous neighbourhoods. 


Order 4. JUNGERMANNIEZ. 


The capsule splits into four valves from the apex downwards, 
Elaters are present. 

(a.) Anacrogyne. The archegonia are not borne at the apex of the 
thallus or stem, but on its upper surface ; they are surrounded by an 
involucre formed by the stem or thallus: they are usually frondose. 

Metzgeria Furcata has a narrow dichotomously-branched thallus consisting of a 


single layer of cells, which is traversed by a midrib consisting of many layers ; it 
grows very commonly on tree-trunks, but it rarely fructifies. Pellia epiphylla 


has a broad thallus, consisting of several layers of cells : it is not uncommon by’ 
springs, on damp rocks, &c. Aneura pinguis and other species occur in similar 


. 
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localities. Blasia pusilla, has a thalloid stem, it grows on damp fields and by 
ditches. 


(b.) Acrogyne. The archegonia are situated 
at the apex of the stem or of certain branches 
of it, and are surrounded by a perianth, that 
is, by leaves or part of leaves which form an 
investment. The stem does not usually bear 
inferior leaves, but always two rows of lateral 
leaves; these leaves are either bidentate at 
the apex, or bipartite, and sometimes (Frul- 
lania, Radula) are completely divided into two 
lobes. The insertion of the lateral leaves is 
at first transverse to the long axis of the stem, 
but it becomes modified by the unequal growth 
of the stem, so that the leaves come to be 
situated either on the lower (folia succuba) Be yan me 
(Fig. 109), or on the upper (folia incuba) sule; bd, one that has opened ; 
surface of the stem. Fibs aad 


WU 
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Jungermannia bicuspidata and many other species are common on damp soil 
and on the trunks of trees. Plagiochila asplenioides (Fig. 109) is not uncommon 
in mountain woods. Radula complanata has a small stem, densely covered with 
leaves, which creeps over tree-trunks and boughs ; it is very common. SF rallania 
dilatata and Tamarisci, with small and elegantly-branched stems of a brownish 
or purple colour, also grow on trunks of trees, or on the earth, in damp, shady 
places, 


Crass IV.—MUSCI. (TRUE MOSSES.) 


The capsule usually opens by the removal of a distinct operculum. 
Elaters are never present, the columella always. The calyptra is 
usually carried up by the capsule. 


The Moss-plant always consists of a stemfurnished with leaves which 
are all of the same kind ; its branches creep on the earth or else on trees, 
or they form dense plots. Bilateral structure does not very often occur. 

The Class may be divided into four Orders: 


Order 1. Spnaanaceam (Bog-Mosses). 
The spherical capsule contains a hemispherical columella, and opens 
by the removal of the upper portion of its wall ; the calyptra remains 
attached to the base. 
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The only genus Sphagnum (Fig. 110) includes a number of species 
which all live in damp woods, and more particularly on moors, 
forming extensive soft plots. The branches, 
which are densely covered with leaves, envelope 
the main stem: the leaves, as well as the 


GaN cortex of the stem contain large cells filled 
My \. with water, the walls of which are perforated ; 
Lip Hin by capillary attraction water is conveyed 
fi AY through these open cells to the topmost point 
by aN of the plant. The lower portions of the 
f AS quickly growing stems die off and form peat. 


The shortly-stalked capsule (Fig. 110 KK) is 
raised by the elongation of the stem which bears 
the archegonium ; this much resembles the stalk 
_ of the capsule (seta) in the true Mosses, but 
it is not of the same nature; it is called the 
pseudopodium. 
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Fie. 110.—Stem of 
Sphagnum acutifolium (nat. 
size). k, Capsules. 


Order 2. ANDREMACER. 


The columella is columnar in form, free at the top. The capsule 
splits into four valves which remain connected at the base and apex. 
The calyptra is raised up as a cap upon the capsule, 

The genus Andrea (111 0) lives on rocks among 


the Alps and other high mountains. The elongated 
and branched stems are closely covered with leaves. 


Order 3. PHASCACER. 


Fic. 111. — a. Ephemerum : 
erratum (x 8); b, shoot of He capsule does not open at all; the colu 


Andreea nivalis, with (K) mella, in this order and in the following, is con- 
ht) es nected with the wall of the capsule above and 
below. The spores in Archidium are formed from one of the cells of 
the columella: the calyptra remains at the base of the sporogonium. 
Phascum cuspidatum, Ephemerwm serratum (Fig. 111 a) and Arckidiuwm 


phascoides are minute Mosses a few millimetres in height, growing in fields and 
ripening their capsules in the spring. 


Order 4. Bryinz. 


The columella is connected with the capsule both at the top and at 
the bottom ; it is immediately surrounded by the spore-forming tissue 
(Fig. 112 s) ; between this and the wall of the capsule there is a large 
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eavity filled with air (Fig. 112 h) traversed by filaments of cells 
containing chlorophyll. The capsule opens by the throwing off of an 


Fic. 113.—Mouth of the theca 
of Fontinalis antipyretica. ap. 
Outer peristome ; ip, inner peri- 
stome (xX 50). 


Fic. 112.—Funaria hygrometrica. A. A young leafy plant (g), with the calyptra(c). B. A 
plant (g) with the nearly ripe sporogonium ; ss, its seta ; f, the capsule; c, the calyptra. C. 
Longitudinal section of the capsule bisecting it symmetrically ; d, operculum; a, annulus ; 
p, peristome ; ¢ c’, columella ; h, air-cavity ; s, the primary mother-cells of the spores. 
operculum, which is from the first constructed differently to the rest 
of the capsule. Certain layers of cells of the internal tissue of this 
operculum remain in connection with the walls of the capsule and 
constitute the peristome which has a characteristic form in each 
different genus. In Tetraphis it consists of four hard teeth for which 
the whole of the internal tissue of the operculum is utilised ; in most 
genera there are 8, 16, 32, or even 64 teeth, formed by the thickened 
cell-walls, which are frequently arranged in two rows, one within the 
other (Fig. 113), and which originate from two different layers of cells. 
In only a few genera, e.g., Gymnostomum, are they wholly wanting. 
The calyptra is elevated by the growth of the capsule and covers its 
apex like a cap ; the capsule is generally elongated. | 

The leaves, which consist of a single layer of cells, are traversed by 
a many-layered midrib in many species. 

Some of the genera bear the female flowers and, consequently, at a 
later stage the capsules also, on the apex of the main stems ; others 
bear them on short lateral branches; although this difference of 
position cannot be regarded as an important systematic distinction it 
may serve as an indication of allied forms. Thus the Bryine may be 
divided into : 

(a.) Acrocarpi, bearing the archegonia at the apex of the stem; the 

10 
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capsules, however, often appear as if they had been borne upon lateral’ 
shoots, for lateral shoots develope later and displace the main stem to- 


one side. 


Dicranum scoparium, with sickle-shaped leaves, 
is common in woods. Lewcobrywm glaucum has 
leaves consisting of several layers of cells, which 
resemble those of Sphagnum in their structure, 
it occurs in Pine-woods and on moors. Ceratodon 
purpureus with a red seta and a short stem, is 
very common in various localities.  Barbula 
muralis grows in patches on walls and rocks ; 
the median nerve of the leaves is prolonged into 
a hair so that the patches of Moss look greyish. 
Tetraphis pellucida has bright green leaves ; it 
grows on decayed tree-trunks, and bears gemme 
of peculiar form. Grimmia pulvinata occurs in 
round greyish-green patches; the capsules have 
very short sete. Orthotrichum specioswm and other 
species have also shortly-stalked capsules and are 


has an oblique, pear-shaped capsule; the long 
sete have the peculiarity of contracting into a 
spiral on being wetted and dried ; it is common 
on walls and paths. Polytrichum formoswm 
(Fig. 114) and other species are the largest of 
our indigenous acrocarpous Mosses; they have 
large dark green leaves and long hairy calyptre 
and are common in woods and on heaths. 


Fic. 114.—Two stems of Poly- =}. ) Pleurocarpi. The archegonia, and 
trichum formosum (nat. size). k, 


the capsule; s, the seta; ec, Subsequently the capsules, are borne on 
calyptra. | special lateral branches. 


Fontinalis antipyretica floats in water. Neckera crispa, with flat outspreading 
leaves, grows on rocks. Thuidiwm abietinwm and other species grow in woods ; 
they have regular pinnately branched stems, and very small, closely-set leaves. 
Leucodon sciurvides is very common on tree trunks. Brachythectum rutabulum 
is common in woods. Hurhynchium praelongum, with long creeping stems, 
occurs in woods and damp gardens. Hypnum cupressiforme, is very common on 
tree-trunks, and H. cuspidatum and gigantewm in bogs and ditches. Hylo- 
comium triquetrum is very commonly used for garlands ; this and H. splendens, 
with remarkably regular ramification, are both common in woods. 


common on trees. Funaria hygrometrica (Fig. 112) - 
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GROUP III. 
THE VASCULAR CRYPTOGAMS. 


In this group also an alternation of a sexual with an asexual genera- 
tion occurs ; but the relations between the two are exactly the reverse 
of those existing among the Mosses. In this group the plant which 
springs from the spore and produces the sexual organs (oophore), is 
small and short-lived, perishing after fertilisation has taken place; it 
is called the prothallium. The plant which grows from the fertilised 
oosphere (sporophore) is furnished with a distinct stem and leaves, and 
and it has closed fibrovascular bundles and true roots; it commonly 
persists for several years and produces spores in regular succession, 
besides possessing various means of vegetative multiplication. These 
morphological and anatomical characteristics bring this group of plants: 
into the province of the Vascular Plants. Some of the orders which 
occupy the highest place among the Cryptogams, exhibit in certain 
features a resemblance to the Gymnosperms among the Phanerogams ; 
there is thus a gradual transition from the Cryptogams to the 
Phanerogams. 

The Prothallium (Fig. 115) is, in most of the orders, a thallus 
which grows from a spore which it greatly exceeds in size, producing, 


Fic. 115.—Prothallium of a Fern; 
under side(x 10). ar, Archegonia ; an, 
Antheridia ; h, root-hairs. 


Fie. 116.—Antheridium of Adiantum Capillus-Veneris (xX 550). . Prothallium; a, antheri- 
dium ; s, antherozoid ; b, the vesicle containing starch-grain 


besides root-hairs, antheridia and archegonia on certain parts. (Fig. 
115 an and ar). 
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The antheridia (Fig. 116) either project from the surface as masses 
of tissue, which are hemispherical or somewhat cylindrical in form, 
or they are sunk in the tissue of the prothallium. They consist of a 
wall, composed of a single layer of cells, and of the mother-cells of 
the antherozoids: the antherozoid is a spirally wound filament bearing 
a number of cilia at its anterior end, (Fig, 116 s.) 


Fig. 117.— Archegonium of 
Pteris serrulata, much magnified, 
seen from outside (after Sachs). 


Fic. 118.—Germinating macrospore of Selaginella Martensii. The portion of the tissue 
which lies above the dark outline (d) is the prothallium ; @ is an unfertilised archegonium ; 
e e’, embryos in two that have been fertilised. The cavity of the spore is filled with 
endosperm (after Sachs), 


The archegonia (Fig. 117) are in general constructed like those of 
the Mosses ; that is to say, they consist of a ventral portion, which is 
imbedded in the surrounding tissue and is coherent with it, and of a 
short neck through which two canal-cells, which subsequently undergo 
disintegration, extend to the oosphere. 

However, the prothallia of some orders, such as the Rhizocarpez, 
Selaginellee, and Isoéteze, differ widely from this in their structure. 
These plants, namely, produce two kinds of spores, large spores called 
macrospores, and much smaller ones, microspores, and they are 
termed heterosporous on this account, in contrast to the csosporous 
orders in which the spores are all of one kind. 


The macrospore produces a female prothallium (Fig. 118) which is. 
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developed in the spore itself, and only a small portion of it is exposed 
at the apex. On this exposed portion it bears one, or a small number 
of archegonia. (Fig. 118 a.) 

The microspore produces a merely rudimentary male prothallium, for 
the antherozoids are developed from it directly, or at any rate after 
it has undergone only a few divisions. 

The embryo developed from the fertilised oosphere, grows directly 
into a plant which subsequently produces spores. 

The spores are formed in not very large numbers in the sporangia 
by the division into four of the internal cells ; and when two kinds of 
spores are present they are produced in distinct sporangia—macro and 
microsporangia. The sporangia are small in proportion to the whole 
plant and are developed either from single cells of the epidermis of the 
leaf, or from groups of cells, the external cells of each group forming 
the wall of the sporangium, the internal, the mother-cells of the 
spores. It is almost always evident that the sporangia are produced 
from the leaves ; it is only ina few instances that they originate in the 
axils of the leaves and appear to be formed from the stem. 


The group of Vascular Cryptogams is divided as follows : 


Class V. Filicine. The leaves are well developed in proportion to 
the stem and bear the sporangia (which usually originate 
from a single cell) almost always collected into soré on 
their margins or on their inferior surfaces ; the fertile 
leaves are not confined to any particular region or 
branch of the stem. 

(a.) Isosporous. 
Order 1. Filices. 
(b.) Heterosporous. 
Order 2. Rhizocarpece. 


Class VI. Hquisetine. The leaves are small in proportion to the 
stem ; they are arranged in whorls and those of the 
barren whorls grow together into a sheath. The fertile 
leaves are arranged in numerous closely-set whorls 
forming a spike at the apex of the stem; they are 
peltate and bear the sporangia on their under surfaces. 
The sporangia originate from groups of cells. They 
are isosporous. 


Class VII. Lycopodine. The leaves are for the most part small 
and feebly developed ; the fertile leaves are frequently 
collected on a distinct portion of the stem. The 
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sporangia, which are developed from groups of cells, are 
almost always solitary in the axils of the leaves or close 
to the base of the leaves on its upper side. 
(a.) Isosporous. 
Order 1. Lycopodiee. 
(b.) Heterosporous, 

Order 2. Selaginellee. The stem, which grows 
greatly in length, bears numerous small leaves ; 
the sporangia are situated in the axils of the 
leaves, occasionally they are attached to some 
extent to the stem. 

Order 3. Isoétew. The stem, which is short, bears 
long unbranched leaves; the sporangia are 
situated on the upper side of the leaf. 


Cuass V.—FILICIN~. 


The sporangia are usually collected into sori on the edges or under 
surfaces of the leaves. The fertile leaves are not confined to a special 
region of the stem. 

Order 1. Friices (Ferns). 


The spores are all alike, and produce 
a large and independent prothallium. 

The prothallium is almost always deve- 
loped on the surface of the soil, and con- 
tains chlorophyll (Figs. 115 and 119). It 
takes origin from the spore in the form of 
a cellular filament which, at a later stage, 
generally becomes a broad surface divided 
anteriorly so as to be heart-shaped; it 
consists of a single layer of cells, 
excepting at that part which bears the 

archegonia. This region is situated at 
Lee “a parame aia the fore part of the heart-shaped pro- 
from below with young Fern thallium, behind the indentation (Fig. 115 
i lg a aaa seine cates ar). The antheridia are produced partly 
h, root-hairs of the prothallium at the edge, and partly posteriorly among 
RoR Hers eee ier Reghe the root-hairs (Fig. 115 an), and project 
as hemispherical masses of tissue. | 

The stem is for the most part a strong underground horizontal or 
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oblique rhizome ; tree-ferns with tall upright trunks occur only in 
the tropics. The internodes are sometimes elongated, so that the 
surface of the stem is visible between the leaves which are some 
distance apart, e.g., Pteris aquilina (the common Bracken) and Phe- 
gopteris calcarea ; but they may be also very short, so that the leaves 
form a close crown at the apex of the stem, while the older portion is 
closely crowded with the remains of the leaves that have died off. The 
stems of the first kind usually branch very freely, the branches arising 
in the axils of the leaves, as in Phegopteris calcarea, or dorsally to them, 
asin Pteris aquilina: the more leafy stems, on the contrary, branch 
less. The leaves are sometimes arranged in two rows, particularly when 
the stem is elongated (e.g., Pteris aquilina) ; and this peculiarity is not 
unfrequently exhibited, that the two series of leaves approach each 
other on the dorsal surface of the stem, e.g., Polypodium vulgare ; but 
they are sometimes arranged in a spiral, with a considerable angle of 
divergence. The blade of the leaf is usually much branched, and in 
its early growth it is curled spirally forward on itself into the shape 
of a crozier (circinate venation). The hairs are often conspicuous 
by their size and breadth, and frequently completely envelope the 
young leaves and the growing part of the stem; they are called 
palez or ramenta. The roots spring usually from the leaf-stalks of 
those species the stem of which is very densely covered with leaves, 
e.g., Aspidium Filix mas ; they form a thick felt-like covering on the 
trunks of tree-ferns, which sometimes exceeds the diameter of the 
stem itself in thickness. 

The production of spores is exclusively confined to the leaves, and it 
takes place without their undergoing any important metamorphosis. 
In many cases the fertile leaves are hardly to be distinguished from 
the barren ones, and where a difference is perceptible, it consists 
almost only in this: that the fertile leaf—or portion of the leaf— 
developes little or no mesophyll. The fertile leaves are never con- 
fined to a particular region of the stem, still less to any particular 
branch ; but the stem bears at first only barren leaves, and, as it 
grows older, produces fertile leaves periodically, as well as sterile ones. 

The Sort consist of groups of sporangia which are arranged in a 
certain relation to the venation of the leaves, and their form 
and distribution is characteristic of genera and even of still larger 
divisions. In many genera, e.g., all the Hymenophyllacee (Fig. 120 
A), Dicksonia and Davallia, the sorus is situated at the margin of the 
leaf at the extremity of a vein and consists of two parts, a central 
,part which bears the sporangia, known as the receptacle (Fig. 120 A r) 
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which is an elongated, filiform, or short cushion-like structure, and 
a cup-shaped, sometimes deeply two-lobed integument, the indusiwm. 
(Fig. 120 Az). In most Ferns the sorus is at some distance from the 
margin of the leaf, on the under surface ; the indusium then appears 
as covering the receptacle on one side only (Fig. 120 B D £), and its 


Fic. 120.—Sori of the most important groups of Ferns, all seen from below. A. Pinna of 
Ptilophyllum sinuosum, one of the Hymenophyllacee ; r, receptacle; s, sporangia ; i, indu- 
sium ; at a half of the indusium is removed. B. Pinna of Davallia—at s the underside of 
the indusium (i) is turned back, the upper half is become part of the leaf margin. C. Part of 
a leaf of Pteris serrulata: s, the sporangia; m, the inverted margin. JD. Lacinia of Aspi- 
dium—at s the indusium is removed, and at 7 the sporangia also. F. Piuna of Polypodium 
vulgare—at r the sporangia are removed (all are x 3 to 6). 


form varies in the different genera. The half of the primitively cup- 
shaped indusium, corresponding to the upper surface of the leaf, has 
disappeared. (See Fig. 120 B.) In many genera the indusium has 
disappeared altogether ; the sorus is then said to be naked (Fig. 120 
F’). Many Ferns bear the sporangia in a marginal row which may be 
supposed to have originated by the coalescence of contiguous sori. The 
inferior indusium, in such: cases, is usually not present: the margin 
of the leaf covers the sporangia as a so-called false indusium (Fig. 120 
C). Finally, in some Ferns, the sporangia do not form sori but are 
scattered over the whole of the under surface of the leaf, on the 
mesophyll as well as on the veins. The hair-like structures which the 
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receptacle sometimes bears interspersed among the sporangia are known 
as paraphyses, ) 

The Sporangium is a capsule with a wall of a single layer of cells, and 
having a short stalk ; it is rarely sessile (Fig 121). The spores commonly 
originate from the repeated division of a single cell which occupies the 
centre of the young sporangium ; in a few families only the sporangium 
is developed from a group of cells, of which the inner cells constitute 
the mother-cells of the spores. In direct relation to the mode of 
rupture of the sporangium are certain cells, which have a peculiar struc- 
ture, and which are much thickened; they form a ring or annulus, which, 
in some families, is completely closed, and in others not so, (Fig. 121 7) 
or they may be connected in some other form, but in any case the 
aggregate of these cells is spoken of as the annulus (Fig. 122 r). The 
structure of this annulus is an important characteristic of the various 
families. 

The group of the Ferns includes the following eight families, of 
which some are exclusively tropical, and the others, though they have 
representatives in temperate climates, attain their most perfect 
development in the tropics, 

Family 1. Hymenophyllacee ; this contains the simplest forms. 
The mesophyll almost always consists of a single layer of cells; the 
sorus is always marginal (Fig. 120 A), the sporangium sessile or shortly- 
stalked, and the annulus entire. The prothal- 
lium resembles in structure the protonema 
of Mosses. 

Almost all the species are tropical. TZ'’richomanes 
speciusum and Hymenophyllum Tunbridgense alone 
occur in Europe (England and France). 

Fam. 2. Polypodiacee, The annulus of the 
stalked sporangium is incomplete (Fig. 1217), 
that is to say, it is not continuous at the base. 
Almost all our native Ferns belong to this 
family which is exceptionally rich in species. 

The following sub-families may be dis- 4, 21. Sporatigidim “of dhe 


tinguished, characterised by the position of of the Polypodiacew (x 300): 
a, stalk; 7, the ring which 
the ue extends to the stomium sé, at 


(a). Davalliacee, Sorus marginal, or nearly so; *48 spot the wall of the sporan- 
gium ruptures. Only a few of 


indusium cup-shap ed (Fig. 120 B). the spores (sp) are indicated, for 
(b). Pteridece. Sori coalescent along the margin the sake of distinctness. 

of the leaf (Fig. 120 C). Pteris aquilina, the 

Bracken, has a stem which grows at some depth below the surface of the soil 
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and throws up every year a single large much-segmented leaf. The fibro-vas- 
cular bundles of the petiole exhibit in section an arrangement which is supposed 
to resemble a double eagle. 

(c). Aspidiec. Sorus, on the lower surface of the leaf, orbicular in form and 
covered by a peltate or reniform indusium (Fig. 120 D). Aspidiwn Filix mas, 
the male Fern, and other species resembling it, with a thick tufted crown of 
leaves, are not rare in woods. In Phegopteris (Ph. calcarea and Dryopteris are 
not rare) the indusium is wanting. ‘These genera are distinguished from the 
Polypodiew by this peculiarity, that a short, irregularly broken fragment of the 
dead leaf-stalk remains attached to the stem. The rhizome of the indigenous 
species has elongated internodes. 

(da). Aspleniee. The sorus, which is situated on the under surface of the leaf, 
is elongated or linear, and the indusium springs from the vein to which it is 
attached (Fig. 120 Z). Asplenium ruta muraria is not uncommon on walls and 
rocks ; A. trichomanes is also abundant, with simple pinnate leaves and a shining 
black rachis. A. Filix feminaiscommon in damp woods. Scolopendriwm vulgare, 
the Hart’s tongue, with entire leaves, is common in damp hedge-rows and woods. 

(¢). Polypodiee. The sorus, which is on the under surface of the leaf, is naked 
(Fig. 120 F). The dead leaves and stalks fall off from the stem leaving a 
roundish scar : the leaves are usually borne in two rows on the dorsal surface of 
the rhizome. Polypodiwm vulgare, with simple pinnate leaves, is common on 
 tree-trunks, rocks, &c. 

(f). Acrostichee. The whole underside of the leaf is covered with sporangia. 


Fam. 3. Cyatheacee. Distinguished from the Polypodiacez only 
by the presence of a complete annulus. 

The tree-ferns belong to this family. | Cibotium and Dicksonia have marginal 
sori with cup-shaped indusia: Cyathea and Alsophila have their sori on the 
under surface of the leaf. 

Fam. 4. Gleicheniacee and 

Fam. 5. Schizeacee occur only in 
the tropics. 

Lygodium is the most remarkable genus, 
its pinnate leaves grow to a great length 
and twine round supports by means of their 
midribs. 


Fam. 6. Osmundacee. The shortly- 
stalked sporangia (Fig. 122 3B), 
Fic. 122.—Osmunda regalis. A. Fertile instead of a ring, have a peculiar 
pinna with naked marginal sori (s) group of cells (Fig. 122 B r) just 


Some mesophyll is however developed at A 
the base (nat. size). B. A solitary spo- below the Ar they burst open. by 


rangium (x 200): st, the short stalk; a longitudinal slit on the side opposite 
r, the annulus; d, the longitudinal slit. to this (Fig 122 d) 
fs he e 


fA. 


Osmunda regalis is a not very common but well-known Fern. Only the upper 
pinne of the leaves are fertile and develope little or no mesophyll ; the sori are 
marginal and consist of a great number of sporangia: they have no indusium 
Fig. 122(4 s). 
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Fam. 7. Marattiacee. The sporangia of each sorus are coherent, and 
appear as the loculi of a multilocular sporangium or synangium : they 
are not developed each from a single cell, but from a group of cells. 
The leaves, which are usually of enormous dimensions, have large 


stipules at their base. 


Marattia, Kaulfussia, Angiopteris, and Danae are tropical genera. 


Fam. 8. Ophioglossee. This is the most 


aberrant of the families of Ferns; never- 


theless it is allied to the above-mentioned 
families by many features. The prothal- 
lium is not a flat layer of cells containing 
chlorophyll, but a subterranean mass of 
tissue, containing no chlorophyll. The stem 
of the spore-bearing plant is always short, 
and in the indigenous species it is sub- 
terranean ; it throws up a single aérial leaf, 
or two or three simultaneously. The leaves 
to be developed in the following year are 
already formed at the end of the stem 
and are enclosed in a sheath formed by 
the base of the mature leaf and its stipules. 
The fertile leaves are distinguished from 
the barren ones by the production, from 
the upper side of the petiole, of a branch 
which bears the fructification. The spo- 
rangia are large and marginal, and are 
borne either directly by this branch, as in 
Ophioglossum, or by its lateral branches, 
as in Botrychium (Fig. 123 7). The spo- 
rangia are developed from groups of cells 
and have no annulus. In Ophioglossum 


they are sunk in the tissue. 

Ophioglossum vulgatum is rather rare: it has 
an entire tongue-shaped lamina and a linear 
unbranched fructification. Botrychiwm Lunaria 
is tolerably common in mountainous districts ; 
its lamina is pinnate and the fructification is 
paniculate. 


o/h I San 

Fic. 123. — Botrychium Lunaria 
(nat. size): w, roots; st, stem: 
bs, leaf-sheath ; x, point where the 
leaf branches ; the sterile lamina 
(0) separating from the fertile 
branch (/). 


Order 2. RuizocARPE® (PEPPERWORTS). 
The spores are of two kinds ; the macrosporangia each contain « 
single macrospore ; the microsporangia contain numerous microspores ; 
the prothallia are small and project but little from the spores. 
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Fam. 1. Salviniacew. Salvinia is the only genus. The male 
prothallium is a filament which is developed from the microspore. 
The antherozoids are formed in two cells at the free end of this 
filament, which represent a rudimentary antheridium, 

The female prothallium projects but little from the spore. 

The stem of the spore-bearing plant floats on the surface of the 
water and bears on its upper surface four rows of flat, green, aérial 
leaves (Fig. 124 7) and on its under surface two rows of dissected 
aquatic leaves (Fig. 124 w). Roots are wholly absent. The sori are 


Fig. 124.—Apical portion of the stem of Salvinia natans, seen obliquely from below (nat. 
size): l, l, aérial leaves; w, w, aquatic leaves, with the sori, s, s; k, terminal bud of the 
stem. B. Longitudinal section through three fertile teeth of an aquatic leaf (x 10) ; i, i, two 
sori with microsporangia ; a, one with macrosporangia (after Sachs). 


situated on the aquatic leaves (Fig. 124 s); each separate sorus is 
completely inclosed in a thick indusium and has a diameter of about 
5 millimetres. Within this fructification the sporangia are borne on a 
columnar receptacle ; in some sori there are numerous microsporangia 
with long stalks, (Fig. 124 #2 iz) in others a smaller number of 
shortly-stalked macrosporangia (Fig. 124 B a). 


Salvinia natans occurs in the warmer parts of Europe and in the Tropics. 


Fam. 2. Marsiliacee. This family includes two genera, Marsilia 
and Pilularia. The formation of a male prothallium does not take 
place ; the whole contents of the microspore undergo division and give 
rise directly to a number of small cells in each of which an anthero- 
zoid is formed. 

The stem of Marsilia creeps along the bottom beneath the water (Fig. 
125) and bears on its upper surface two rows of leaves with long petioles’ 
and quadrifoliate lamin. ‘The under surface of the stem bears only 
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roots. The fertile leaves branch above their insertion ; the one branch 
is quite similar to a sterile leaf, the other bears a leguminoid fructifica- 
tion (Fig. 125 f) which contains several sori enclosed by indusia. 
This fructification, like those of the Pha- 
nerogams, consists of an infolded leaf. The 
sporangia are developed each from a single 
cell on the inner surface of the wall of the 
fructification. Each sorus contains both 
macro- and micro-sporangia. 

Marsilia quadrifolia occurs in temperate 
countries, and many other very similar forms 
abound in warmer climates. 

_Pilularia globulifera has narrow bladeless leaves 
but otherwise greatly resembles Marsilia. It occurs 
in England. 


Crass VI.—EQUISETIN &%. 


The fertile leaves are arranged-in whorls 
and form a spike at the apex of the stem - 
they are peltate and bear the sporangia, 
which are developed from groups of cells, on 
their inner surfaces. The spores are all of 
one kind. 


This class contains but one genus, Equi- 
setum (the Horsetail). 

The prothallium is much branched and 
corrugated: it bears the antheridia at the : 
extremities of the lobes, and the archegonia =‘ Fie. 125, — Stem of Marsilia 
Sittin @icles, between: then. salvatrix with lenras (reduced one 

3 : half), K. Terminal bud; 6, 5, 

The spore-bearing plant consists of a leaves; J, f, fructifications spring- 
subterranean colourless stem which every ‘8 '™ the petioles. 
year throws up green branches which usually die down in the 
autumn. The leaves are represented by an annular dentate leaf- 
sheath at each node (Fig. 126 Av). The outer surface of the aérial 
internodes is usually not smooth, but striated with longitudinal 
ridges and furrows (Fig. 126 B): each ridge corresponds to a tooth 
of the leaf-sheath. This external configuration of the stem is 
intimately connected with its internal structure. The fibro-vascular 
bundles are arranged in a circle (Fig. 126 Bs), in each bundle there 
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is a cavity, the lacuna (%), which is formed by the separation of the 
annular vessels ; the fibro-vascular bundles lie on the same radii as the 
ridges on the stem. There 
are also large cavities in 
the cortical tissue which 
le internally to the grooves 
(Fig. 126 Bf). The pith 
too is replaced by a large 
air-space, the central cavity 
(Fig. 126 Bc) ueEhe 
branches spring from the 
base of the sheath between 
the teeth ; they are similar 
in structure to the main 
stem. 

The fertile branches ter- 
minate in a spike (Fig. 
126 A a) formed of the 
leaves which are trans- 
formed into peltate scales 
bearing sporangia. The last 
leaf sheath below the spike 


is rudimentary and is called 
Fic. 126.—A. Upper portion of a fertile branch of 


. ; ig. 
Equisetum palustre. v. Leaf-sheaths, below which the the rr annulus. (Fi 
branches (7) spring ; «#, the uppermost sterile sheath; 126 A w). The scales stand 


a, the spike ; s, the peltate fertile leaves. B. Transverse in numerous whorls ; they 
section of the stem (x 6): ¢, central cavity; s, the 
fibrovascular bundles arranged in a circle, each having have stalks and bear the 


a cavity, k; f, the cavities below the grooves; 7, the sporangia on their internal 
ridges. C. Peltate leaf with sporangia (x 10): st, the ; 
stalk ; sp, the sporangia. D. Diagram of the course surface. The sporangia are 


taken by the fibrovascular bundles where twointernodes gac-like and open inwards 
meet ; i, i, the internodes ; k, the node. P 

by a fissure (Fig. 126 C sp). 
The spores are enclosed by two coats, the two being connected at one 
point only. The outer membrane splits along a spiral line into two 
spiral bands (elaters) which, when they are dry, are extended cross- 
wise, but roll up under the influence of moisture. 


i D 


The different species of Equisetum all inhabit damp places, bogs, wet fields and 
woods. While some of the tropical forms attain an immense height and thick- 
ness and the fossil forms were of gigantic proportions, our indigenous species 
reach at the utmost the height of a few feet, and a thickness of perhaps half an 
inch. In &. arvense and E. Telmateia the fertile shoots appear in the spring 
before the barren ones and are devoid of chlorophyll while the barren ones are 
green. . palustre (Fig. 126) limoswm, hyemale, &c., bear their spikes at the 
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extremity of ordinary green branched or unbranched shoots. #. sylvaticum 
produces fertile shoots which, till the spores are ripe, perfectly resemble those of 
£. arvense which are devoid of chlorophyll, but afterwards they bear green lateral 
shoots, in consequence of which they come to be very similar to the sterile stems. 


Crass VIIL—LYCOPODINZ. 


The leaves are for the most part small, the fertile leaves often 
confined to a particular region of the stem. The sporangia, which are 
developed from groups of cells, are almost always borne in the axils of 
the leaves or close to the bases of the leaves on their upper sides. 


Order 1. Lycopopie”. 


The spores are all of one kind, the prothallium large and indepen- 
dent. The sporangia are outgrowths from the bases of the leaves and 
are situated in their axils. The stem grows greatly in length and 
bears numerous leaves which are very small in proportion. 


The prothallium of Lycopodium is a subterranean mass of tissue’ 
of considerable size which bears archegonia and antheridia. 


The stem of the spore-bear- 

ing plant grows greatly in 
length: it usually creeps on 
the ground and branches in 
various planesin an apparently 
dichotomous manner. ‘The 
internodes are short, the leaves : | 
are closely placed in a scatter- 
ed spiral, or they are decussate. 
The roots branch dichoto- 
mously. The sporangia origi- 
nate from the tissue of the 
upper surface of the fertile 
leaves and project outwards. 
The fertile leaves, in some Ss 
species, e.g, Lycopodium — EL 
Selago, exactly resemble the 
sterile ones; in others they 
differ from them and are not 
green: in this case they form a sort of spike which in L. clavatum 
grows on a stalk bearing small leaves (Fig. 127 s). 


Fia. 127.—Portion of Lycopodium clavatum, somewhat 
smaller than nat. size ; s, the fructification. 
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L. clavatum and annotinum are the commonest species which occur in our woods. 
The exotic genera Tmesipteris, Phylloglossum, and Psilotum (which has no true 
roots) differ considerably from Lycopodium in their habit, but are as yet imper- 
fectly known. 


Order 2. SELAGINELLE. 


The spores are of two kinds; the macrosporangia each contain 
Jour macrospores, the microsporangia, a great number of microspores ; 
both forms of sporangia are situated in the axils of the leaves. The 
prothallia are small and project but little from the spores. The stem 
grows considerably in length and bears numerous short leaves. 


The genus Selaginella has some external resemblance to Lycopo- 
dium; the stem branches dichotomously, but always in the same 
plane, and often forms a highly complicated branch-system. In some 
species the stem creeps on the ground, in others it is upright and 
even shrubby. The internodes are short, and bear short somewhat 
rounded leaves which are usually inserted in four rows and have 
different forms on the two sides of the stem, so that each pair of de- 
cussate leaves consists of a large inferior leaf and a small superior leaf 
(Fig. 128 w and 0). At the base of 
each leaf there is a small membranous 
ligule. The roots branch dichotomously 
in alternate planes at right angles to 
each other. ‘The sporangia are situated 
in the axils of the fertile leaves which 
sometimes differ somewhat in form 
from the sterile ones. The micro- 
sporangia are usually higher up on the 
shoot than the macrosporangia. Each 

Fic. 128.—Selaginella helvetica (nat. Of the latter contains four macrospores, 
size) : 8 the upright fertile shoot with for only one of the numerous mother- 
sporangia in the axils of the leaves, 
On the procumbent sterile shoots the Cells divides into four daughter-cells 
leaves on the underside (u) are larger which are developed into macrospores. 
than those on the upper side (0). ; hi J 

The prothallium is formed in the 
macrospore, just beneath the apex, whilst it is ripening: subsequently, 
when the spore germinates, the prothallium protrudes from the apex 
of the spore, the wall having ruptured along its three angles, and 
it there bears one or more archegonia. The rest of the cavity of the 
spore is then filled with a tissue which may be termed the endosperm. 
(Fig. 118, see below, page 164.) 
In the microspore the prothallium is only rudimentary; it is’ 


GROUP IIl.—THE VASCULAR OCRYPTOGAMS. 161 


represented by one cell, which undergoes no further changes, whilst 
from the others the mother-cells of the antherozoids are formed by re- 
peated division. 

 Selaginella helvetica, with a creeping bilateral stem, grows in mountainous 
districts, on walls and on the ground. S. Kraussiana is frequently cultivated. 


S. spinulosa, with a stem covered with several rows of leaves, also occurs in 
mountainous districts, and has all the appearance of a small Lycopodium. 


Order 3. IsokrEaz. 


The spores are of two kinds ; the macrospores are numerous in the 
macrosporangia. Both kinds of sporangia are situated at the bases of 
the leaves on their upper surface. The prothallium its small and 
projects but little from the spore. The stem remains short and bears 
numerous long leaves. 

The genus Isoétes includes aquatic plants which live at the bottom 
of lakes, &c. The stem is short ; along two or three longitudinal lines 
on the stem a considerable growth of the cortical tissue forms pro- 
jecting wings, between which the roots are produced. The leaves, 
which are numerous, have a well-developed sheath separated from the 
long and narrow lamina by a pit, the fovea, which bears a ligule on 
its upper margin. 

The sporangia are situated in this pit ; the macrosporangia occur on 
the outer leaves, the microsporangia on the inner ones. Both sorts 
of sporangia contain cellular filaments among the spores. 

The development of the prothallium is similar to that of Selaginella. 


Isoétes lacustris and other species occur in lakes where the water does not con- 
tain much lime. 


GROUP IV. 
PHANEROGAMS, 


The most conspicuous character of this group is the formation of 
seeds, Which are produced, in consequence of fertilisation, upon the 
plant itself and are detached from it only..at maturity. The seed 
contains enclosed in its coat or testa, the embryo, that is to say, the 
young plant. This is usually already so far developed that stem, 
leaves, and root are formed to a certain extent, so that, after a period 
of rest, it at once developes, at the time of germination, into an indivi- 
dual resembling its parent. Besides the embryo, the seed usually 

uy 
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includes a tissue, called the endosperm which in many orders is 
absorbed by the embryo at an early stage before the seed is ripe, and 
in a few others is never developed at all. 

In the Vascular Cryptogams the structures which are thrown off 
for the purpose of reproducing the plant are unicellular spores which 
more or less directly give rise to the sexual organs ; but in the Phane- 
rogams, fertilisation takes place upon the plant (sporophore) itself, 
and the structure which is thrown off for the purpose of reproduction 
is an embryo invested by parts of the parent plant. 

As in many of the Vascular Cryptogams (Equisetum, many Sela- 

ginelleze and Lycopodiez), the spore-bearing leaves differ in form from 
the foliage-leaves and are collected together on certain regions of 
particular shortened axes, so in the Phanerogams the reproductive 
organs are borne on modified leaves which are collected together at the 
apex of a shortened axis. This shoot, the leaves of which bear the 
reproductive organs, is called the Flower. ) 
The most important organs of 
the flower are the stamens, bearing 
the pollen-sacs in which the male 
reproductive cells, the pollen-grains 
are contained (Fig. 129 p), and the 
carpels, bearing the ovules, within 
which the oosphere is enclosed 
(Fig. 129 £). 

The stamens, regarded collec- 
tively, form the andrecium of the 
flower, and the carpels the gy- 
necium. In addition to these, the 
flower includes other foliar organs 
which, however, are not directly 
Rae an Prine fi Pee concerned with reproduction : these 
Se tab-core it each half, which are opened, form the perianth (Fig. 129 Ke K ). 
showing the pollen-grains(p). These fallonthe When these three sets of organs 


stigma, and the pollen -tube (ps) penetrates : 
the style (g) as far as the cavity of the ovary are all present In a flower, the 


(F), reaching the ovule (S) ; i, the integument perianth is always situated most 
MLEpE oreo et She pinbryo-ene. 1 ae athe externally, that is, at the lowest 
oosphere. ‘ 
level upon the floral axis; then 
comes the andrcecium, and finally, nearest to the apex of the axis, 
the gynoecium. 
The pollen-grains are formed in the pollen-sacs by the division of 
-e mother-cells into four. In the Angiosperms, the pollen-grain is 


Ke 1 
\A 
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: 


unicellular, its wall consists of two layers, an external, the extine, 
which is firm and often covered with asperities, an internal, the intine, 
which is very thin. The pollen-tube, by means of which fertilisation 
is effected, consists of the intine and the contents of the grain: it 
grows out through the ruptured extine. In the Gymnosperms the 
pollen-grain consists of several cells surrounded by a common extine. 

The pollen-grains correspond to the microspores of the higher 
Vascular Cryptogams. The fact that they are multicellular in the 
Gymnosperms recalls the rudimentary prothallium formed in Selaginella, 
but no formation of antherozoids takes place. The pollen-sacs 
correspond to the microsporangia, and the whole stamen to a leaf of 
Selaginella bearing a microsporangium. 

The carpels are either open, bearing the ovules on their surfaces 
(Gymnosperms), or they form a structure in which the ovules are 
contained, the ovary (Fig. 129 F), which, when mature, is the fruit 
(Angiosperms). 

The Ovule consists of three parts— 

1. A stalk, called the funicle, by which it is attached to the parent 
plant (Fig. 130 //). 

2. One or two coats the integuments (Fig. 180 ai ti), which do not 
completely close at the anterior end, but leave a short canal known as 
the micropyle (Fig. 130 m). 

3. A central cellular mass, the nucleus (Fig. 130 k). 


Cc 
i 
em 
ai 
il 
Bm fr 


Fic. 130.—Diagram of the Ovule. A. Orthotropous. B. Anatropous. C. Campylotropous ; 
J, funicle ; ai, the outer integument; ii, the inner integument ; m, micropyle; &, nucleus ; 
em, embryo-sac ; r, the raphe. 

According to the relative position of these three parts the following 
forms of ovules are distinguished : 

a. Atropous or orthotropous, when the nucleus lies in one and the 
same straight line with the funicle which is usually short. 

b. Anatropous, (Fig. 130 B), when there is a curvature at the point 
of attachment of the nucleus with its integumentsto the elongated 
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funicle (raphe), the integuments coalescing with the raphe (Fig 130 Br). 

c. Campylotropous (Fig. 130 C), when the nucleus with its integu- 
ment is curved on itself. 

One cell of the nucleus increases greatly in size and constitutes the 
embryo-sac, within which, at the anterior end of the ovule, (that is to 
say, the end at which the micropyle is situated), the oosphere is situated : 
in Angiosperms this cell is developed directly by free cell-formation, but 
in Gymnosperms it is formed indirectly in a special organ, the 
corpusculum, 

Fertilisation is effected as follows; a pollen-grain falls either 
directly upon the micropyle, as in the Gymnosperms, or on to the apex 
of the ovary which is specially adapted to receive it, and it then 
throws out along tube, known as the pollen-tube (Fig. 129 ps). 
This extends to the oosphere (Fig. 129 #) through the micropyle, 
and the oosphere is fertilised in consequence of the contact. The 
result of the fertilisation is that this cell becomes surrounded by a 
membrane and begins to grow towards the interior of the embryo-sac, 
forming a row of cells, the swspensor, of which the inferior terminal cell 
-forms the embryo by cell-division. 

In addition to the oosphere, a tissue is developed within the 
embryo-sac, the endosperm, which in the Gymnosperms is formed 
before fertilisation, in the Angiosperms not until after it. It usually 
originates by free cell-formation,, isolated cells being formed in 
considerable numbers which, as they grow, come into contact and then 
multiply still further by division. In rare cases (e.g., Alismacez) the 
formation of endosperm does not take place. In many plants the 
endosperm is displaced and consumed by the developing embryo, so 
that it has disappeared by the time that the seed is ripe. 

In contradistinction to the endosperm, the term perisperm is applied. 
to the cellular tissue which is contained within the ovule, but which 
lies externally to the embryo-sac : it is in fact a permanent portion of 
the nucleus, and it is found in relatively few families of plants. 

The comparison of the female sexual organs and of the modes of fer- 
tilisation with those of the Vascular Cryptogams is somewhat difficult, 
and will be entered upon when the Gymnosperms are being considered. 

The embryo as it is contained in the ripe seed, usually exhibits 
distinct differentiation into stem, leaf, and root. ‘This first root (Fig. 
131 w)—the primary voot—lies in the same straight line as the stem 
which is véry short. At the opposite end the stem bears the first 
leaves (Fig. 131 ¢) which are usually strikingly unlike the leaves of 
later growth and are known as cotyledons or seed-leaves. Sometimes 
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the next leaves are distinctly visible forming a terminal bud and these 


constitute the plumule. 
The portion of the stem 
which lies below the coty- 
ledon is the hypocotyledon- 
ary portion (Fig. 131 II 
hc); it merges gradually 
into the root, and the two 
together are designated as 
the radicle. The internode 
next above the cotyledons 
is the epicotyledonary por- 
tion. 
lies so in the ovule that 
the apex of the primary 
root is directed towards the 
micropyle ; on germination 
the root grows out through 
it. The integuments of 
the ovule constitute the 
testa of the ripe seed, and 
occasionally during the 
ripening process another 
outer integument is formed, 
known as the ariilus. 

All flowers do not con- 
sist of the three parts 
above-mentioned, the peri- 
anth, the andreecium, and 
the gynecium ; the _peri- 
anth for instance, is absent 
in many flowers. Those 
flowers which include both 
male and female organs are 
called hermaphrodite, com- 
monly indicated by the 
sign © ; but there are 
many plants in which 
some of the flowers (irre- 
spectively of the perianth 
which may be present 


The embryo always © 


Fic. 


I. Longitudinal section 
through the middle of the seed ; y, the micropylar end. 
II, Commencement of germination, emergence of the 
root. JI. Completion of germination, after the endo- 
sperm has been absorbed (the seed lay too near the 
surface, and was therefore raised up by the cotyledons 


131. — Pinus pinea. 


when the stem began to grow). A. Shows the rup- 
tured testa (s). B. The endosperm (e), one half of the 
testa having been removed. C. Longitudinal section 
of the endosperm and embryo. JD. Transverse section 
at the commencement of germination; ¢, the cotyle- 
dons ; w, the primary root; x, the embryo-sac pushed 
out by iv (ruptured in B); he, hypocotyledonary portion 
of the axis; w’, secondary root; r, red membrane 
within the hard testa. 
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or absent) possess male organs only, and others female organs 
, only. Such flowers are called diclinous or unisexual, the former 
being male (¢) and the latter female 9. When the flowers of 
both sexes are united in one individual plant it is said to 
be monecious, but when they occur on distinct plants, the plant is 
said to be diecious ; it is permissible in that case to speak of male 
and female plants. When the same plant produces both hermaphro- 
dite and unisexual flowers, it is said to be polygamous, 

Plants of which the individual perishes after once producing flowers 
and seeds are termed monocarpous; in rare cases several or even 
many years elapse before the blossoming occurs, e.g., Agave americana. 
More common are annuals (indicated by the sign @) ie. plants 
which complete the whole course of their development in the course 
of a single year, e.g., Wheat; or biennials (©), plants which do not 
blossom till the second year of their growth and then perish, e.g., 
Cichorium. By polycarpous plants are meant those of which each 
individual produces flowers and fruit repeatedly, year after year ; trees 
and shrubs are thus perennial and have subaérial woody stems or 
trunks, and there are perennial herbs and plants which have under- 
ground rhizomes, tubers, &e. 

The group of Phanerogams falls into two divisions, the first con- 

taining only one class, the second two classes. 
A. Gymnosperme. The ovule is naked, that is to say, it is not 
enclosed in an ovary, but is attached to a carpellary leaf or simply to 
the axis of the flower. The endosperm is developed in the embryo- 
sac before fertilisation; the oosphere is situated within a special 
organ, the corpusculum. The pollen-grains are multicellular. 


Class VIII. Gymnosperme. 


B. Angiosperme. The ovule is enclosed in an ovary; no endo- 
sperm is formed in the embryo-sac before fertilisation, and the oosphere 
is formed by free cell-formation. The pollen-grains are unicellular. 


Class IX. Monocotyledones. The embryo has but one coty- 
ledon, and the ripe seed usually contains much 
endosperm. 


Class X. Dicotyledones, The embryo has two opposite coty- 
ledons, and the endosperm is frequently all absorbed 
before the seed is ripe. 
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DIVISION A. 
Crass VITL.—GYMNOSPERM 2. 


The ovule is not enclosed in an ovary ; it is attached either to an 
open carpel, or to the axis, no carpel being present. The endosperm is 
formed in the embryo-sac before fertilisation, and the oosphere is 
developed in a special organ, the corpusculum. The pollen-grains are 
multicellular. 


The flowers are always diclinous, frequently dicecious and almost 
always without a perianth. The male flowers consist of a prolonged 
axis on which numerous stamens are inserted. These are sometimes 
peltate, like those scales of Equisetum which bear the sporangia, but 
sometimes they have a greater resemblance to an ordinary petiolate leaf. 
They bear on the inferior surface two or more separate pollen-sacs 
(Fig. 132 A a), which open longitudinally so as to allow the pollen 
grains to escape. These always consist of at least two (Fig 132 B) 
and often of several cells, from the largest of which the pollen-tube is 
developed. In the course of this process the extine is usually ruptured 
and shed, but in some rare cases, e.g., in the Cycadee, it is pierced by 
the pollen-tube. 


Fic. 133.—Process of fertilisation in 


Fic. 132.—A. Male flower of Abies pectinata ; Pinus (a magnified diagram) : m, micro- 
6, bracts; a, stamens. B. Pollen-grain highly pyle; i, integument; &, nucleus; ¢, 
magnified ; e, extine with a bladder-like expan- the oosphere; h, neck of the corpusculum ; 
sion (01) ; i, intine ; y, the cell from which the e, endosperm filling the embryo-sac ; p, 
pollen-tube grows (after Sachs). pollen-grains ; s, the tubes. 


The female flowers are usually prolonged axes which in some cases 
bear carpels upon which the ovules are inserted, and in others, bear 
the ovules directly, carpels not being present. The carpels are 


168 PART IV.—THE CLASSIFICATION OF PLANTS. 


frequently closely packed around the ovules, but they do not form an 
ovary. 

The ovule is commonly orthotropous, with a very short funicle and 
having but one integument. The nucleus is large and the embryo-sae 
is at some distance from the micropyle (Fig. 133 e) ; the sac becomes 
filled with endosperm in which, at the anterior end, several corpuscula 
are developed (Fig. 133 c). Each corpusculum consists of a neck 
(Fig. 133 h), which is formed of one or of a small number of small 
cells, and of a large central cell, the oosphere (Fig. 133 ¢c). From the 
structure and arrangement of these organs it may be seen that the 
Gymnosperms occupy an intermediate position between the Phanero- 
gams and the higher Cryptogams. The embryo-sac corresponds to the 
macrospore ; in this case it gives rise to a prothallium (the endosperm) 


without becoming separated from the parent-plant ; on this prothallium 
several archegonia (the corpuscula) are produced. The pollen-grains 
correspond to the microspores, but they do not here give rise to 
antherozoids. The pollen-grains are borne by the wind to the micro- 
pyle ; they are conveyed through it by the fluid there secreted to the 
nucleus, and they penetrate its tissue by means of the pollen-tubes 
which they protrude ; each tube makes its way through the neck of a 
corpusculum, coming into contact with the oosphere which is thus 
fertilised (Fig. 133s). The fertilised oosphere elongates downwards, 
forming a suspensor bearing the embryo at its inferior extremity. 

The ripe seed always contains endosperm in the midst of which 
the embryo lies longitudinally, its root-end being turned towards 
the micropyle (Fig. 131 y). The stem bears two or more coty- 
ledons arranged in a whorl (Fig. 131 ¢). 


The class contains the following three orders : 

1. Cycadee. The trunk is rarely branched, or not branched at 
all; the leaves are large and much branched. 

2. Conifere. The stems are much branched, the branching being 
axillary and monopodial ; the leaves are very small and entire. 

3. Gnetacee. The habit of these plants is various ; they distinctly 
approach the Angiosperms in the character of their flowers. 


Order 1. CyYcapEa. 
The stem slightly branched or not at all; the leaves large and 
branching. . P 
The Cycadez are plants which, in many particulars, have affinities 
with the Ferns, while, on the other hand, in external appearance they | 
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resemble the Palms. The stem is tubercular or cylindrical, and 
thickly set with leaves. The leaves are of two kinds—some being 
seale-like, brown, and dry, closely covering the stem, the others being 
green, pinnate, and of a leathery consistency ; these last are produced 
annually, or at a longer interval, and form a magnificent crown at the 
apex of the stem. 

The flowers are produced terminally at the apex of the stem, the 
male and female flowers being borne by different individuals. The 
male flowers consist of an axis which bears peltate stamens, having 
the pollen-sacs on their inferior surfaces ; they somewhat resemble the 
spikes of sporangia of Equisetum. The female flowers are for the 
most part cone-like; the axis bears numerous carpels; on the inner 
side of each carpel there are 
two orthotropous ovules (Fig. 
134 B). In the genus Cycas 
the female flower is composed 
of a rosette of leaves, each of 
which is formed like the foliage 
leaves of the plant, only that 
it is much smaller and bears ¥ 
ovules in the place of the lower 8 =) 
pinne (Fig. 134 A). In Cycas, ~ 
too, the axis of the plant con- 
tinues to grow after the produc- 
tion of the flower. 

The ovules have an integu- 
ment which becomes succulent 
at maturity, and they acquire 
a considerable size. Those of Fic. 134.—The flower of Cycas. A. Carpel of 


Cycas are as large as a plum Cycas revoluta (4 nat. size) ; f, pinne ; 3, ovules 


even before fertilisation. B. Carpel of Zamia muricate, with two ovules (s) 
C. Stamen of the same, with the anthers (p/. 


The embryo has two coty- 
ledons which do not escape from the seed on germination. 


The Cycadex are natives of tropical America ; they ocecur—fewer in number— 
in South America and tropical Asia. Cycas revoluta and circinalis, Zamia muri- 
cata and Dion edule are often grown in hothouses. 


Order 2. CoNIFERZ. 


The stem branches extensively from the axils of the leaves, but not 
From all. The leaves are entire and relatively small. 
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This order includes the Pines and Firs which are abundant in tem- 
perate climates. A conspicuous feature in their habit is the 
regularity of the monopodial branching of the stem. In the structure 
of their tissues they exhibit affinity with the Dicotyledons; the 
trunk increases in thickness, as it does in the Dicotyledons, by means 
of a ring of cambium; the secondary wood, however, contains no 
vessels, but consists entirely of wood-cells (tracheides), the walls of 
which bear peculiar bordered pits (v. Fig. 42). 

The male flower consists of an elongated axis covered with stamens, 
which are peltate, and bear two or more pollen-sacs on their inferior 
surfaces (Fig. 132 A). 

The structure of the female flower differs considerably in the various 
families, and in some has not yet been accurately investigated. 

The embryo has a conspicuous primary root which grows persistently, 
and two or more cotyledons which escape from the seed and unfold on 
germination (Fig. 131). 


Sub-order 1. Taxinem. The 
ovules are perfectly naked, there 
being no carpels. The flowers 
are always dicecious; the embryo 
has two cotyledons, 


Taxus baccata is the Yew; the 
ovules occur singly at the end of very 
short branches (Fig. 135 B), which 

bear numerous bracts. The fertilised 
Fie. 135.—Taxus baccata, A. The branch of a 


female tree with (/) fruit (nat, size). B. Section ovule during its mAulnenee becomes 
of a female (x 20); b, scale-like bracts which are surrounded by an arillus (Fig. 135. 
still visible at the base of the fruit ; s, the appa- A f), which, when it is ripe, is red 
rently terminal ovule, with (i) the integument; and fleshy. The leaves, which are 
m, micropyle +k, nucleus ; a a, the rudiment of spirally arranged, project on two sides 
the arillus, which subsequently grows up round % 
Pees from the stem, and are flat and acicu- 

lar, light green upon the under surface, 
but destitute of white stripes; by this the tree is at once distinguishable from 
the Silver-Fir, which resembles it in habit.  Salisburya adiantifolia (Ginkgo 
biloba), which grows in China and Japan, has broad wedge-shaped leaves, with 
palmate venation. Phyllocladus has flattened phylloid branches, 


Sub-order 2. ARraucartacE®. The female flower is the well- 
known cone of the Firs and Pines, consisting of an axis (Fig. 136 B sp) 
bearing scales (Fig. 136 ¢), arranged spirally or in whorls, which are 
the bracts.- In the axil of each of these bracts there is a second 
scale, the carpellary scale, which usually bears two or more ovules 
(Fig. 136 sk). The relation of these two scales to each other has 
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been explained in a variety of ways. The view here followed is, 
that the carpellary scale represents the axillary branch of the bract, 


consisting of an axis bearing 
two carpels which are fused 
with it, and which bear the 
ovules. 

In some genera (Pinus, Juni- 
perus), the seed takes two 
years to come to maturity ; 
in the first year, the pollen-tube 
penetrates only a short distance 
into the tissue of the nucleus, 
and it is not till the following 
year that it reaches the embryo- 
sac and fertilises the oosphere ; 
the embryo at once begins to 
develope. 

The embryo has from 2 to 15 
cotyledons (v. Fig. 131 c). 

This Sub-order may be di- 
vided into the following four 
families : 

Fam. 1. Abietinew. The 
carpellary scale is coherent with 
the bract only at the base ; the 
micropyle of the ovule is 
directed downwards; the ar- 
rangement of the leaves and 
scales is spiral. 

The flowers are moncecious : 
there are two ovules at the base 
of each carpellary scale; the 
ripe seed has winged appendages 


Fic. 136.—Abies pectinata. A. A leaf detached 
from the female floral axis seen from above, with 
the carpellary scale (s) bearing the ovules (sk) 
(magnified). B. Upper part of the female flower 
(or cone) in the mature state ; sp, floral axis or 
axis of the cone; c, its leaves (bracts); s, the 
largely-developed carpellary scales. C. A ripe 
carpellary scale, with the two seeds (sa) ; f, the 
wing of the seed (reduced). 


springing from the surface of the carpellary scale (Fig. 136 C /); 
the pollen-grains have usually vesicular expansions of the extine 
(v. Fig. 132 B 0/1) filled with air. 


The genus Abies has flat carpellary scales ; the seeds ripen in a single year ; the 
leaves, which persist for several years, are arranged spiraily only on the elongated 
shoots. In most species the persistently growing stem bears well-developed 
lateral branches in the axils of the leaves belonging to the upper portion of each 
year’s growth, and less well-developed branches irregularly in the axils of leaves 
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lower down. The primary branches all develope in the same manner ; the develop- 
ment of branches of a higher order takes place especially on the two sides of the 
nearly horizontal primary branches. 

The male flowers are developed in the axils of certain leaves of the shoot 
produced in the previous year, 

In the sub-genus Abies, in its restricted sense, the Firs, the acicular leaves are 
flat, with two margins, and are marked with white streaks upon the under sur- 
face ; the cone stands erect in the axil of a leaf borne by a shoot of the previous 
year, at some distance from its apex ; when it is ripe, the bracts and carpellary 
scales fall off, together with the seeds, from the axis which persists for a time, 
To this genus belongs Abies pectinata, the Silver Fir, the emarginate leaves of 


which stand out in a comb-like manner from the branches. A. cephalonica, ~ 


which grows in Greece, and A. pinsapo, which grows in Spain, both have pointed 
leaves. In the sub-genus Ticea, including the Spruces, the leaves are prismatic 
with four angles ; the cones are developed at the apex of the shoots of the 
previous year, become pendulous after fertilisation, and, after the shedding of the 
seed, drop off entire. To this group belongs Abies excelsa, the Norway Spruce. 
The sub-genus Tsuga (peculiar to North America), has cones like those of the 
Spruces and leaves like those of the Firs, and branches arranged in whorls, though 
this is not always evident, as in A. canadensis (the Hemlock Spruce) and A. 
Douglasii. 

The cones of the genus Larix, the Larches, resemble those of Abies ; the leaves 
persist through one season only; they are arranged spirally on the elongated 
branches, and in a fasciculate manner on the dwarf-shoots which are developed 
in the axils of the leaves of the elongated branches of the previous year ; these 
dwarf-shoots grow but slightly every year, but they may be transformed into 
elongated branches, The male flowers, as also the cones, are situated at the apex 
of the dwarf-shoots. The branches are not arranged in whorls but irregularly, 


L. europea belongs to the Alps and the Carpathians ; other species are found in: 


Siberia and in North America. 

The genus Cedrus, the Cedars, differs from Larix in that the leaves, which are 
arranged in the same way, persist for more than one year, and in that the seed 
takes two years to ripen. C. Libani occurs in Asia Minor, and C. Deodwra in the 
Himalayas. 

In the genus Pinus, the Pines, the carpellary scales have a thickening at their 
free ends, presenting on the exterior a rhombic surface, the apophysis. The seed 
takes two years to ripen. The green leaves, which persist for several years, are 
borne in groups of two, three, or five, on dwarf-shoots which bear cataphyllary 
leaves at their bases, which do not elongate, and which are borne in the axils of 
the scaly leaves of the elongated branches of the same year. The primary 
branches are arranged in false whorls near the apex of the shoot of any one year, 
and the branches of a high order are also arranged in this manner. The male 
flowers take the places of the dwarf-shoots at the base of an elongated branch 
of the same year ; they are closely packed. The cones take the places of the 
whorled branches near the apex of the elongated branches of the same year. 

In the sub-genus Pinaster, each dwarf-shoot bears only two green leaves ; the 
apophysis is rhombic, the seed is winged. To it belong P. sylvestris, the Scotch 
Fir ; the cones are borne upon short stalks and bend downwards ; the winter-buds 
are rounded: P. montana, occurs in the Alps; the stem is usually procumbent, 
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but sometimes erect; the cones are sessile and are placed horizontally: P. 
Laricio, occurs in southern Europe, and has pointed winter-buds : P. Pinea, is the 
Stone-Pine of the south of Europe; the seeds are large and edible, with small 
wings. The North American sub-genus Teeda differs from the preceding in that 
the dwarf-shoots bear three leaves, In the sub-genus Strobus, including Pinus 
Strobus, the Weymouth Pine, the dwarf-shoots bear five leaves ; the apophysis 
is semi-rhombic, and the seed is winged. The sub-genus Cembra, finally, has a 
large wingless seed, and its cones fall to pieces ; to it belongs Pinws Cembra, the 
Siberian Stone-Pine, occurring in mountainous districts such as the Alps and 
Carpathians. 

Fam. 2. Araucariee. The carpellary scale is completely fused 
with the bract; the micropyle of the ovule is directed downwards ; 
the leaves and the scales of the cones are arranged spirally ; the ovules 
are completely enclosed by the scales ; they are trees with very regular 
branching ; branches in whorls. 

Re coria imbricata occurs in Chili ; 4. excelsa on Norfolk Island. Dammara 
orientalis in the East Indies, furnishes the Dammar resin. 

Fam. 3. TYaxodiew. The carpellary scale is completely fused 
with the bract ; the micropyle of the ovule is directed upwards ; leaves 
and scales arranged spirally. 


Taxodium distichwm, the Deciduous Cypress, 
grows in swamps in the United States. Welling- 
tonia gigantea (or Sequoia) is the Californian 
Pine, remarkable for its enormous size and for 
the great age which it attains, 

Fam. 4. Cupressinee. The carpellary 
scale is completely fused with the bract ; 
the micropyle of the ovule is directed 
upwards; the leaves and scales are ar- 
ranged in whorls. 

The leaves are arranged in whorls of 
two or three, and at their bases are con- 
tinuous with the cortex of the branches.  yyg 1374. 4 young cone of 
The scales (consisting of the fused bract Juniperus Sabina, seen from above 

, Vs (mag.); ff, the two inferior scales, 
and carpellary scale) of the cone bear two .. 4 becen inobaniea (bite fr 
or more ovules on their inner surface at the two upper sterile scales. 3B. 
the base. In Juniperus communis and allied YO"S Cone of Juniperus communis 

after the removal of the bracts ; 

species, each scale bears only one ovule, ;//, the three scales (the anterior 

placed somewhat to one side, on its inner ©n® turned down); ¢, the three 

4 ‘ ovules. C. Ripe cone of the same 

surface ; so that it appears as if the three plant: the three scales /f) can still 
ovules alternated with the three scales, ¢ distinguished. 

The flowers are monecious or diccious. The embryo usually has 


only two cotyledons. 
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In Juniperus (dicecious) the scales of the cones become succulent when ripe and 
cohere to form a berry. In the sub-genus Oxycedrus (to which J. communis, the 
the common Juniper, belongs), the leaves are arranged in whorls of three; in 
accordance with this the cone bears three scales. In the sub-genus Sabina (to 
which J. Sabina, J. virginiana, and others belong), the leaves are arranged in 
whorls of two ; in these the cone bears two scales (Fig. 137 A). Thaja occiden- 
talis, from North America, is commonly cultivated. The scales of the cones 
become woody and the fruit opens like a capsule; the seed has a narrow wing. 
The decussate leaves project but little from the surface of the branch, and bear a 
protruding resin-receptacle. The ultimate shoots branch only in one plane, and 
thus come to resemble branched leaves. Biota orientalis, from China, is similar 
to the preceding, but the seed is not winged, and the linear resin-receptacles are 
imbedded in the leaves. Cupressus sempervirens, the common Cypress, has 
peltate stalked scales on the cones. This is also the case in Chamecyparis, to 
which many ornamental shrubs belong. 


Order 3. GNETACEA. 


The Gnetacee differ from the Conifere in that both the ovules and 
the stamens are provided with investments which more or less resemble 
the perianth of Angiosperms. 


Ephedra distachya is a shrub occurring in Southern Europe; it somewhat 
resembles an Equisetum, for it has long erect branches and small leaves arranged 
in whorls, and coherent so as to form sheaths at intervals round the stem. The 
flowers are diecious. Welwitschia mirabilis is a remarkable plant peculiar to 
Western Africa; it has a very short, thick stem, somewhat resembling a very 
large beetroot, and two large foliage-leaves, in the axils of which dichotomously 
branched inflorescences are developed. 


DIVISION B. 
ANGIOSPERM &. 


The ovules are enclosed in an ovary. The endosperm is formed in 
the embryo-sac, after fertilisation, by free cell-formation. The pollen- 
grains are unicellular. 


The flowers are for the most part hermaphrodite. The axis of the 


inflorescence is usually expanded, forming a receptacle or torus on 
which the closely packed floral leaves are arranged either in whorls or 
in spirals, Each of the three sets of organs—the perianth, the 
andreecium and the gynccium—when the arrangement is spiral, 
forms one or more turns of the spiral; when the arrangement is 
whorled, each consists of one or more whorls. 

The growth of the axis of the inflorescence (excepting in certain 


abnormal instances) terminates in the production of the uppermost . 


- 
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series of floral leaves. Buds never occur in the axils of these leaves, 
except in the case of monstrosities. The portion of the axis below the 
flower is usually prolonged and is called the peduncle, it is commonly 
furnished with one or more bracteoles (prophylla). When the peduncle 
is very short or suppressed the flower is said to be sessile. 

The Perianth is completely absent in comparatively few families, 
e.g., Piperaceze. In most it consists of two series of organs differing 
in their structure and texture, the outer, called the calyx, composed 
of the sepals, and the inner, called the corolla, composed of the petals. 
The Sepals are usually firm in structure, of a green colour, and small 
in size ; the Petals are more delicate, and are white or coloured, e.g. 
Rose, Geranium, Flax. In many cases one or other of these two series 
is wanting, although it is well developed in allied plants : thus the calyx 
is wanting in the Composite, and the corolla in Caltha and Daphne. 
In the latter case the calyx usually assumes the texture of the corolla, 
it becomes petaloid. Other plants have a simple perianth, one, that is, 
which does not present any distinction of calyx and corolla, when it 
is spoken of simply as a perianth. It is usually sepaloid (Stinging 
Nettle), more rarely petaloid (Aristolochia). The individual leaves 
of the perianth may be either perfectly separate (eleutheropetalous or 
polypetalous corolla, eleutherosepalous vr polysepalous calyx), e.g., 
Ranunculus ; or they may 
cohere from the base up- 
wards so as to form a 
- longer or shorter tube 
which divides at its upper 
end into as many teeth or 
lobes as there were origin- 
ally leaves), gamosepalous 
calyx, gamopetalous co- 
rolla (Fig. 188 A BCe 
and Bk); e.g., the Prim- 
rose and the Tobacco 
plant: in Dianthus (the 
Pink) the sepals alone are 
coherent, as also in Fic. 138.—Coherent sepals and petals. A. Flower of 


Daphne (Fig. 138 D) Convolvulus arvensis, withafunnel-shaped corolla (c); and 


wherethecorollais absent, * *Pattite calyx (k). B. Nicotiana Tabacum, with a 5-cleft 
M ly all the 1 calyx (k); tubular corolla (r), with a distinct 5-toothed 
arene © seaves: limb (s). C. The rotate corolla of Sambucus. D. Gamose- 


of the perianth cohere to palous calyx of Daphne Mezereum ; r, the tube ; s, the limb, 
form one tube, e.g., the Hyacinth and allied genera; the six lobes of 
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the tube correspond to the three sepals and the three petals. The 
simple perianth also may consist of separate leaves (eleutherophyllous 
or polyphyllous perianth), e.g, Amarantus, or the leaves may be 
coherent (gamophyllous), e.g., Aristolochia. 

The degree of division presented by gamophyllous perianths into teeth or lobes 
is indicated by the same terms which are used in describing the incision of the 
leaf-blade (v. page 11). The form of the gamopetalous corolla may be campaniu- 
late as in the Campanula; funnel-shaped or infundibuliform), as in the Bind-weed 
(Fig. 138 A) ; rotate, as in the Elder (Fig. 138 c). The upper and lower portions 
may frequently be distinguished, the lower as the tube (Fig. 188 Br), the upper 
expanded part as the limb (Fig. 138 Bs). Other peculiarities of form are con- 
nected with the symmetry of the flower (v. page 189). 

The petal frequently consists of two parts, the claw and the limb 
as in the Pink (Fig. 139 A B). The Corona (paracorolla) in the 


Narcissus and Lychnis is formed by ligular outgrowths from the claws 


Fic. 139.—A. Petal of Dianthus superbus, with (n) the claw and (p) the limb, much divided. 
B. Petal of Lychnis; 2, claw ; p, limb; l, ligula. C. Flower of Potentilla, seen from below ; 
¢, corolla; k, calyx ; a, epicalyx. 


(Fig. 139 B71). Any segmentation of the petal, as in the Pink (Fig. 
139 A) is unusual; emarginate or obcordate petals are more common. 
In many cases the petals have spur-shaped appendages (Violet), or 
they are prolonged at the base into tubes, as in Helleborus and 
Aconitum. This peculiarity is connected with the secretion of the 
nectar (v. page 184). 

The caliculus or epicalyx is formed by leaves which grow close 
under the true calyx of the flower; eg., the small leaves which 
alternate with the sepals in Potentilla (Fig. 139 C a) and in Malva. 
In some cases these leaves are the stipules of the sepals, in others 
they are bracts developed close beneath the calyx. Such an arrange- 
ment of leaves close beneath the flower, so that on a superficial view 
they seem to form part of it, is of frequent occurrence; e.g., in 
Anemone Hepatica. 

. The Andrecium consists of the male organs of the flower, the 


' half of the anther that has been modified. 
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stamens. Each stamen consists of two parts; a slender stalk called 
the filament (Fig. 140 8), and the organ which contains the pollen- 
sacs (Fig. 140 D p) known as the anther (Fig. 140 a). The anther 
consists of two longitudinal halves, each of which usually contains 
two pollen-sacs ; these two halves are united by the upper portion of 
the filament which is known as the connective, (Fig. 140 c). This is 
occasionally very narrow, so that the two halves of the anthers le 
close together (Fig. 140 A, a); in this case it may be that the connec- 
tive is not sharply marked off from the filament, and then the anther 
is simply attached to the upper end of the filament (¢nnate) ; or it may 
be articulated as by a joint, so that the anther with the connective can 
oscillate on the apex of the filament (versatile anther Fig. 140 A,). 
But the connective is often broader so that the two halves of the 
anther are widely separated (Fig. 140 8B); it may be much elongated 
and very delicate, so that, with the filament, it forms a T-shaped body 
(Fig. 140 C); in this plant, the Sage, the further peculiarity is 
exhibited that one half of the anther is abortive and is modified for 
another purpose. It is only rarely, as in Herb Paris, that the connec- 
tive is prolonged beyond the anther into a point, or into a bristle, as in 
the Oleander; the two halves of the anther then appear to be 
‘placed laterally on the filament. 


Fic. 141.—A, Stamen of Allium. 
B. Of Vaccinium myrtillus. C. Of Paris 
quadrifolia (mag.); jf, filament: ¢, 
connective; a, anthers; d, appen- 
dages; p, the pores by which the 
anther opens. 


Fig. 140.—Stamen. <A, Of Lilium; s, fila- 
ment ; a, the anthers. Ag Side view. B. Of 
Tilia ; ¢, connective. C. Of Salvia; b is the 


D, Transverse section of the anther of Hyperi- 

cum (mag.); p, the 4 pollen-sacs;¢, connective. — 
The filament is usually round and stalk-like, of a delicate coloured 

-or colourless tissue ; it is occasionally flattened ; when it is very short, 


the anthers are said to be sess?le. 
tT 
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In some plants, e.g., Allium (Fig. 141 A), the filament has 
appendages ; in others, e.g., Erica (Fig. 141 B) and Asclepiadew the 
anthers themselves are furnished with appendages such as spurs and 
so forth. In certain plants, as Ricinus and Hypericum, the stamens, 
that is to say the filaments, branch either, like most leaves, in a plane 
perpendicular to the median plane, as in Myrtaces, or in various 


‘s directions, as in Ricinus (Fig. 142) ; 
DAV . 
0 AA. an anther is borne on each of the 
i aul Y OLA) > 
DO a branches of the filament. 


Somewhat similar in appearance but 
essentially different in structure are the 
coherent stamens of the Papilionaceze 
and other plants. The stamens of 
each flower may be collected into a 
bundle, commonly into a tube, or 
into groups of two, three or more, 
when they are said to be mono-, 
di-, tri-, ur poly adelphous. The 
anthers and the upper portion of the 
filaments commonly remain free. The 

Fic. 142.—Part of a male flower of arrangement becomes highly compli- 
Ricinus communis cut through length- cated when the filaments are at the 
ways; Jf f, the basal portions of the 
compoundly-branched stamens; a, the Same time coherent and branched, as 
anthers (after Sachs). _in Malvacee. In the Composite, 
e.g., the Sunflower and Thistle, the filaments are free but the anthers 
become coherent (syngenesious) though they are not originally united. 

Besides these varieties of arrangement it frequently occurs that the 
filaments adhere to other portions of the flower, particularly of the 
perianth, so that they—or when they are very short, the anthers— 
appear to be inserted not upon the axis of the flower but upon the 
leaves of the perianth (epipetalous). This condition is most frequently 
present when the petals themselves are connate and forma tubular 
corolla, e.g., Primula. The adherence of the stamens to the carpels is 
of rarer occurrence, e.g., Orchidacee ; they are then termed gynan- 
drous. In many flowers it happens that certain filaments, occu- 
pying a definite position with regard to the other parts of the flower, 
are longer than the others ; thus, of the six stamens of the Crucifera 
(e.g., Rape and Cabbage), four are much longer than the other two ; 
of the four stamens of the Labiate (e.g., Lamium), two are longer 
than the other two. In the former case the stamens are said to be 
tetradunamous, in the latter didynamous. 
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' Stamens which bear no anthers and which present to a certain 
extent a leafy appearance are called staminodia ; they occur regularly 
in some flowers (e.g., Canna). Double flowers are produced by the 
assumption of a petaloid appearance by the whole of the stamens—or 
the larger number of them.* In many flowers which have a spiral 
arrangement of their parts, e.g., Nymphea, there are intermediate forms 
between the petals and stamens so that the passage from one to the 
other is gradual. 

The pollen-sacs are contained in the anthers, two, commonly, in 
each half (Fig. 140 D p); more rarely there is only one, or there may 
be four. The pollen is shed by the dehiscence of the anthers, usually: 
in considerable quantity. The mode of dehiscence of the anthers is 
indicated by their structure ; some, as in Ericace, open by a circular 
pore at the apex of each half of the anther, but most of them have a 
longitudinal slit on the inner side, ie., the side facing the centre of 
the flower (/ntrorse), or on the outer side (extrorse). 

When the pollen-grain reaches the 
stigma (see the next section), or if it 
is immersed in a solution of sugar, 
the intine or inner coat of the grain 
protrudes one or more long tubes, 
the pollen-tubes (Fig. 143 s). The 
spots at which the extine, or outer 
coat, is thus ruptured by the growing Fic. 143. — Pollen-grain of Epilobium 


2 wee (highly mag.) bearing a pollen-tube; e, 
cell are usually indicated beforehand (.4.4. Printiad can see atal eee epois 


by some peculiarity of structure such where the extine is thinner in anticipation 


of the formation of the pollen-tube (s), 


as a special thinness, or a lid-like Malte halitdahin coca. 


development of the extine, and are 
also definite in number (1, 2, 3, 4, 6 or more). 

The pollen-grains of Orchids and a few other plants never separate 
but remain united in masses (pollinia) corresponding to the several 
pollen-sacs. 

The Gyneciwm or Pistil is always the terminal structure of the flower, 
occupying the apex of the floral axis. Each of its constituent parts is 
called a carpel, and in the Angiosperms they form the ovaries, which 
are closed cavities containing the ovules. If in a flower where there 
are several carpels each of them closes by the cohesion of its margins, 


* In other cases the ‘‘ doubling” is the result of a multiplication of the petals, 
the andrecium remaining unaltered, e.g., Campanula. The so-called doubling 
of Composite resembles this in its external features only. This will be discussed 
when the Order is under consideration. 
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they form so many ovaries ; the gyncecium is then said to be apocar- 
pous, (Fig. 144 A), e.g., Ranunculus, Peonia and Butomus; if there 
is only one carpel (Fig. 144 B) the pistil is said to be apocarpous and 


Fia. 144.—A. Apocarpous gyncecium of Aconite. B. Simple apocarpous pistil of Melilotus 
C. Tetramerous syncarpous pistil of Rhamnus, D. Ovary of Saxifraga, formed of two carpels 
which diverge towards the top ; t, torus ; J, ovaries ; g, style ; n, stigma ; b, ventral suture, 
simple ; if several carpels in one flower cohere and form a single ovary 
(Fig. 144 C), the gyneecium is said to be syncarpous, e.g., Poppy 
and Lily. Intermediate forms occur in that a syncarpous ovary 
may be divided at its upper end into a number of loculi corres- 
ponding to the carpels (Fig. 144 D). 


Fic. 145.—Transverse section of ovaries; p, placenta. A, Monomerous and uniocular ; 
r, dorsal suture ; 6, ventral suture. B. Polymerous and unilocular. ¢. Polymerous and many- 
chambered, but unilocular. D. Polymerous and multilocular. 


The ovary is said to be monomerous when it is formed of only one 
carpel (Fig. 145 A), the margins of which cohere on the side opposite 
to the midrib. The side along which the midrib runs is the dorsal 
surface (Fig. 145 A 7) opposite to it is the line of cohesion, the ventral 
suture, which runs therefore on the ventral surface. The cavity thus 
enclosed is not usually divided by dissepiments, but it is a simple 
cavity as in the Vetch ; such an ovary is said to be wnilocular. False 
or spurious dissepiments formed by an infolding of the inner surface 
occur but rarely, 

When, on the other hand, several carpels cohere to form an ovary 
it is polymerous (di- tri- or tetra-merous). This may be unilocular (Fig. 
145 B) when the individual carpels cohere simply by their edges 
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without any portion of them projecting inwards ; but if the margins 
project into the cavity so as to form longitudinal dissepiments the ovary 
is chambered (Fig. 145 C), e.g., Poppy ; but since the chambers are 
open towards the middle the ovary is still unilocular. When the margins 
form dissepiments which meet in the middle, the ovaryis multilocular; in 
some cases the margins turn outwards again towards the circumference, 
In these cases the individual loculi are completely separated, but there 
are others in which the margins of the carpels do not grow so far towards 
the centre at the upper part as at the lower, but the two margins of each 
carpel simply cohere together ; consequently the lower part of the ovary 
is polymerous and multilocular, while the upper part is composed of a 
number of monomerous ovaries, e.g., Saxifraga (Fig. 144 D). In all 
these cases the floral axis may grow up into the interior of the cavity of 
the ovary, and when the ovary is multilocular the axis may coalesce 
with the dissepiments. 

False dissepiments may be formed in: polymerous ovaries by 
ingrowths from the internal surface of the carpel; thus the ovary of 
the Boragineze and Labiaté is originally bilocular, but each loculus 
becomes divided into two by a false dissepiment, and when the fruit 
is ripe the four loculi separate completely. 

When the axis grows, as is usually the case, equally in all parts, 
the gynceecium, being nearest to its apex, is the uppermost part of the 
flower. When this is the case its insertion is above that of the 
stamens and perianth (Fig. 146. J/7), and the ovary is said to be 


Fia. 146.—Diagram of H, hypogynous ; P, perigynous ; £, epigynous flowers ; a, axis ; k, calyx; 
c, corolla ; s, stamens ; /, carpels ; n, stigma ; sk, ovule. 

superior and the flower hiypogynous or inferior, as in Ranunculus, 

Papaver, Lilium, and Primula; but in a great number of plants the 

perianth and andreecium are raised by the more vigorous growth of a 

lower portion of the axis (as represented by the outer portion of the 

torus) and stand on a circular rim surrounding the apex of the axis 
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which lies at a lower level ; thus the ovary comes to be inferior. Of 
this condition two different forms occur ; in the one, the carpels are in- 
serted in the depression at the apex of the axis (Fig. 146 P), and there 
form one or more ovaries which are only apparently invested by the 
raised rim of the axis, for they are quite free from it, primarily at least, 
though they may subsequently become adherent to it ; in such cases, 
as in the Rose and Apple, the flower is said to be perigynous: in the 
other, the carpels spring from the upper rim of the cavity which is 
formed by the axis itself and simply cover it in at the top: such 
flowers are said to be epigynous, e.g., Gourds and Umbelliferse (Fig, 
146 £). Many transitional forms between these two extremes are 
found. 

The inferior ovary of epigynous flowers is rarely monomerous, that 
is to say, the cavity formed by the axis is but seldom closed by one 
carpel only ; it is commonly polymerous, but it may be either unilo- 
cular or multilocular ; in the latter case, the margins of the carpels 
grow down along the internal surface of the cavity. 

n The Style (Figs. 144 and 147) is the slender pro- 
i longation of the upper part of the carpel : monomerous 
ovaries have but one style, polymerous ovaries have as 
many styles as there are carpels; these may cohere 
throughout their whole length or at their lower parts 
only, the upper parts, remaining distinct ; or they may 
remain quite free, and they may even branch. The 
style originally arises from the apex of the ovary, but 
it is frequently displaced forwards, by the vigorous 
development of the dorsal portion of the carpel, on to 
the inner side, so as to appear to be a prolongation of 
the floral axis. This is conspicuous in the Boraginez 
and Labiate, where it is surrounded by the four rounded 
deere rah portions of the ovary which have been already men- 
Lily ; f, ovary; g, tioned (page 181, and Fig. 258). The style is some- 
mae oa stigma times very short and appears only as a constriction 
te between the ovary and the stigma, as in the Poppy. In 
some rare cases it is hollow, but it is usually filled with a loose tissue, 
called conducting tissue, through which the pollen-tube can easily 
penetrate. 

The Stigma (Figs. 144 and 147 n) is the uppermost end of the 
carpel ; it is distinguished by being covered with papille, or frequently 
with hairs, and by the secretion of a sticky fluid which retains the 
pollen-grains which fall upon it, and which promotes the 
development of the pollen-tubes. The stigma is often evidently dis- 
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tinct from the style, appearing as a lobed expansion; in other cases 
it seems to be merely a portion of the style at its end or sometimes 
on its side. In Papaver it is a sessile disk-shaped expansion on the 
upper surface of the ovary ; more rarely it is represented by bands of 
papillae on the ovary itself, when it is said to be plewrogynous. 

The Ovules are always enclosed in the cavity of the ovary either 
singly or in larger or smaller number. Usually they may be readily 
seen to be appendages of the carpels (Fig. 148 A, B, C, #), but in 
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Fig. 148.—Diagram of the different modes of Placentation. 4. Carpel of Helleborus, 
opened along the ventral suture ; s, the ovules on (q) the marginal placenta. 3B. Transverse 
section of the ovary of Nicotiana ; /, wall of the ovary ; q, placenta, largely developed by the 
union of the margins of the carpels (axillary placentation). C. Transverse section of the 
ovary of Butomus. The ovules are scattered over the whole of the inner surface, except the 
midrib, 1 (diffuse placentation). D. Longitudinal section of an ovary of one of the Compo- 
sites; 7, the wall; the ovule (s) grows from the base by the side of the apex of the axis, «a. 
#.. Longitudinal section of the ovary of one of the Umbelliferze ; in each chamber an ovule 
is suspended. /#. Longitudinal section of Rheum ; a single ovule grows from the apex of the 
floral axis. G@. Longitudinal section of the ovary of one of the Primulacez ; the ovules grow on 
a special prolongation of the axis (free central placentation). Fig. 145 B represents parietal 
placentation. 


many cases they appear to be special organs developed in the cavity 
from the floral axis. However, from careful comparative examination, 
it seems that these apparently axial ovules are to be regarded as being 
originally appendages of the carpels, their position on the axis being 
merely the result of a more or less considerable displacement due to 
the coalescence of the carpels with the axis. That portion of the 
carpels or of the axis which bears the ovules is called the placenta 
(Figs. 145 p, 148 q). 
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The ovules borne’by the carpels are usually marginal, that is to say 
the placenta occupies a part or the whole of the longitudinal margin 
of each carpel and bears either a single ovule or a single row (rarely. 
more than one row) of ovules (Figs. 145 p, 148 Aq). In polymerous 
ovaries the coherent margins frequently undergo a_ considerable 
thickening (Fig. 148 Bq). The ovules are more rarely superficial, 
that is to say, borne upon the whole interior surface of the carpel, the 
median nerve however usually remaining free (Fig. 148 C). 

The axial ovules are developed sometimes on the floor of the cavity 
of the ovary (Figs. 129 and 146), sometimes at the side of the apex of 
the axis, as in the Compositae (Fig. 148 D), sometimes as prolonga- 
tions of the axis, as in Piperacew, and Polygonee (Fig. 148 F’), some- 
times on a special placenta developed in the cavity of the ovary 
from the apex of the axis e.g., Primulacee (Fig. 148 G). 

The direction of the ovule varies; it may be erect, (Fig. 148 D, 
F’), or suspended (Fig. 148 E), or horizontal (Fig. 148 A) or ascending. 

The Nectary is a glandular organ which secretes an odorous or 
usually a sweet fluid much sought after by insects. The nectaries are 
not distinct parts of the flower, but are developed on the other organs ; 
thus in Rheum they occur at the base of the stamens ; in the Umbel- 
liferee, as fleshy excrescences on the carpels; and in Citrus as an 
outgrowth of the floral axis below the carpels. When they have the 
form of an annular wall or a cushion they are termed dises (e.g., in 
Rhamnus). Sometimes, however, certain leaves of the flower are 
greatly altered in form and entirely diverted from their proper functions 
by the development of the nectaries ; this happens in the Gesneracez to 
one of the five stamens, to the petals of Helleborus and Aquilegia, and 
to one of the petals of Viola, among many instances. 

Relative Position and Number of the parts of the Flower. Sym- 
metry of the Flower. The leaves forming the flower, like those borne 
by the vegetative part of the stem, are frequently arranged spirally, 
and the divergence is most commonly 2, but higher divergences also 
occur, especially in the androecium, when numerous small organs are 
inserted upon an expanded axis (e.g., Ranunculus). In the spiral or 
acyclic flower there is either no well-marked distinction of the various 
series, that is, the members of the calyx and of the corolla and the 
stamens are connected by intermediate forms (as in Nympheea), or the 
various series are sharply defined, each series taking up one or more 
turns of the spiral. In the latter case, if the divergence is constant, 
the members of successive whorls are superposed, that is, they lie on 
the same radii drawn from the centre of the flower : this is well seen in 
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many Urticinz where the members of the perianth and the stamens 
are arranged in a continuous spiral with a divergence of 2, each series 
taking up two turns of the spiral: here the five stamens are super-, 
posed upon the five leaves forming the perianth. 

Many cyclic flowers—flowers, that is, the leaves of which are 
arranged in whorls—are very closely related to the latter form of 
acyclic flowers; this is shown by the fact that these two modes of 
arrangement are exhibited not only by the flowers of closely allied 
plants, but also by flowers of the same species. In this case, instead 
of there being five perianth leaves taking up two turns of aspiral with 
a divergence of 2, four or six leaves are present, arranged in two 
whorls consisting of two or three leaves respectively. Since the same 
arrangement exists in the andreecium, these two series of organs form 
four regularly alternating whorls each consisting of two or three 
members. The two whorls of the perianth may be differentiated, as 
in many Monocotyledons, into calyx and corolla, or they may 
together form a simple perianth as in many Juliflore and 
Polygonez. 

In other eyclic flowers the alternating whorls consist each of five 
members, and in these cases too, two of the whorls (calyx and corolla) 
belong to the perianth, the other two to the andreecium. If instead 
of five, only four members are present in each, the calyx usually 
consists of two whorls each of two members, with which the whorl of 
petals alternates. When the perianth is differentiated into calyx and 
corolla. and two whorls of stamens—consisting of the same number of 
members—are present, one whorl of stamens is opposite to or 
superposed on the calyx, and the other is superposed on the 
corolla. Other less frequent modes of arrangement will be 
treated of in connection with the plants in which they occur. 

When cyclic flowers consist of alternating whorls each containing 
the same number of members, they are said to be eucyclic. The 
number of members in a whorl is indicated by the expressions d1., tri-, 
tetra-, penta-merous, &c.; whorls containing the same number of mem- 
bers are said to be zsomerous. When the organs of a flower are 
arranged, some in whorls (usually in the perianth) and the others in 
a spiral (usually in the andreecium), the flower is said to be hemicyclic, 

These various arrangements, as in the case of the arrangement of 
the foliage leaves, are most clearly represented by means of diagrams, 
In a floral diagram, the calyx lies externally, and the gynoscium, as 
being the uppermost series or organs (even in epigynous flowers), lies 

most internally. In order to be able readily to distinguish the various 
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series, symbols are used which recall some peculiarity of their form: 
thus the mid-rib of the sepals is indicated, and in the case of the 
stamens, the anthers. 

If only such relations of position as can be observed in a flower are 
indicated in the diagram, a simply empirical diagram is the result. 
If, however, the results of the investigation of the development of 
the flower and of the comparison of it with others be borne in mind, 
a general plan of arrangement will be detected, and the individual 
peculiarities of arrangement, quite apart from any variation in the 
form of the organs, will be seen to be due either to the suppression 
of one or more whorls or of one or more members of a whorl, 
or, more rarely, to a multiplication of the whorls or of their mem- 
bers. If however the organs which are absent, but which should be 


Fic. 149.—Floral Diagram Fic. 150.—Floral Diagram Fic. 151. — Floral Dia- 
of a Lily. of a Grass. gram of a Crucifer; the 
median stamens are 

doubled. 


typically present, be indicated in the empirical 
diagram as dots, it becomes a theoretical diagram. 
In this way it is possible to arrive at general 
types on which large numbers of flowers are con- 
structed. Fig. 149, for instance, is the empirical 
diagram of the flower of the Lily, and it is at 
the same time the type on which the flower of 
Vic, 152. Floral Dia. Ctasses (Fig. 150) is constructed in which certain 
gram of Dictamnus: the organs are suppressed. 
upper (internal) whorl of re Z " 
Beeene ravadad) bak been Under the head of multiplication of parts, 
displaced, so that they lie reduplication*or pleiomery—that is, the forma- 
paces i wage tion of two members in a whorl in place of one 
external) Worl: e Car- ae X : : 
pels have also been dis- ——(Fig. 151) must be especially considered, This 
placed, so that they are jg the result either of the branching of a member 
superposed on the stamens t ] t (ees ‘ vine ecbaieel 
PCP Sener NIT at an early stage, or’ o e original develop- 
j ent of two members in the place of one. 
The regular alternation of the whorls (especially when they consist 


of four or five members) in eucyclic flowers is often disturbed by a 
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displacement of such a nature, that the inner staminal whorl, which 
is normally superposed on the petals and alternates with the sepals, 
comes to lie in the same plane as the outer whorl, or even externally 
to it (Fig. 152), 

Hitherto nothing has been said as to the arrangement of the 
gyneecium in the flower, for it does not stand in such simple relations 
with the other series of organs as they do to each other. Very 
frequently the number of carpels is smaller than that of the organs of 
the other series, and in such a case their arrangement is quite irregular. 
If the gyneecium is isomerous with the calyx, corolla and andrcecium, 
the carpels usually alternate with the inner whorl of stamens, as in 
most Monocotyledons (Fig. 149). When the above-mentioned dis- 
placement occurs in the androecium, the carpels sometimes alternate 
with the actually internal whorl of stamens, sometimes with the 
whorl which was primarily internal. 

The number and the relations of the different parts of the flower 
may be indicated not by diagrams only, but also by formulee in which, 
as in the diagrams, for the sake of clearness, all the peculiarities of 
development are overlooked. Thus the diagram (Fig. 149) may be 
expressed by the formula K3, C3, A3 + 3, G®-, which means that 
the calyx K, and the corolla C, each consist of a single whorl of three 
members, the andreecium of two whorls each of three members, and 
the gyneecium of one whorl of three members, all in regular alterna- 
tion. When one whorl is superposed on another, the superposition is 
indicated in the formula by a line | between the whorls. — If 
the number of members in any whorl is variable, the letter n is used 
instead of a number. Thus, for instance, An, Cn, An + n, Gn is the 
theoretical formula of most Monocotyledons, The absence of a whorl 
is expressed by a cypher 0, and of individual members by the number 
of those actually present. Thus the formula for the flower of a Grass 
(Fig. 150) is KO, C2, A3 + 0, G“. The bracket in which the 
number of the carpels of the gyncecium G* is here enclosed, indicates 
that the members thus bracketted are coherent. Superior and inferior 
ovaries are indicated by a stroke above or below the corresponding 
figure, and reduplication by the exponent 2; thus the diagram (Fig. 
151) is represented by the formula K2 + 2, C x 4, A2 + 2, G&, 
the x after C indicating that the position of the petals is diagonal, 
i.e., that the four petals alternate with the four sepals as if the latter 
all belonged to the same whorl. Staminodia may be distinguished by 
a + before the figure. The position of the carpels in those cases in 
which the above-mentioned displacements of the stamens have occurred 
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is indicated by a | placed before the number, which means that they 
are superposed on the petals. When the perianth is not differentiated 
into calyx and corolla, it is expressed by the letter P-: thus, the 
formula for the flower of Asarum is P3 A6 + 6, Ga. 

The relations of position between the floral organs and the leaves 
which precede them yet remain to be considered. These can be most 
readily made out in the case of a lateral. flower ; of a flower, that is, 
the axis (peduncle) of which springs from the axil of one of the leaves 
of the main stem, and bears no leaves except the bracteoles and the floral 
organs themselves. A plane which passes through the flower, and also 
through the main stem and the median line of the subtending leaf (bract) 
is termed the median plane or section of the flower; the plane which 
cuts this one at right angles is termed the lateral plane or section; and 
the plane which bisects the angles made by the median and lateral 
planes is the diagonal plane or section. By means of these expressions 
the positions of the parts of a flower may be accurately indicated ; thus, 
in speaking of the flower of the Crucifere (Fig. 151), the external 
whorl of sepals lies in the median plane, the carpels in the lateral, the 

petals in the diagonal. In all floral diagrams the position of the main 
axis should be indicated by a dot placed above the diagram; the 
bract, which would be of course exactly opposite to it, need not 
be indicated. The side to- 
wards the main axis is said to 
be posterior, and that towards 
the subtending leaf, anterior. 

Many flowers, most Mono- 
cotyledons for instance, have 
only one bracteole(prophyllum) 
which is nearly always placed 
opposite to the bract, that is, 
posteriorly to the flower. When 
this is the case, a leaf of the 
trimerous calyx (when the flower 
is spiral, the first leaf) is placed 
anteriorly. 

Iftwo lateral bracteolesare pre- 
Fic. 158.—Flower of a Heracleum with a Zygo- sent (usually indicatedasaandB), 

ara ned) as is the case in most Dicoty- 
ledons, the sepals, if the calyx is dimerous, are median; if the calyx 
is trimerous or pentamerous (whether it be whorled or spiral), one 
eepal is median and posterior. 
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It is obvious that such a flower as that represented in Fig. 153 can 
be divided into two symmetrical halves, resembling each other as an. 
object and its reflected image, in one plane only,and that a vertical 
plane. In this case this plane coincides with the median plane of 
the flower. 

Flowers which can be divided, like the one in Fig, 153, into two 
‘symmetrical halves in one plane only (which may or may not coincide 
with the median plane) are said to be monosymmetrical or zygomorphic, 
and in systematic works they are termed irregular. If a flower can 
be symmetrically divided in more than one plane, it is said to be 
polysymmetrical. In such flowers two cases may occur: in the one, 
the flower is regular or actinomorphic, that‘is, the halves produced by 
call possible sections are similar, or in other words, the flower may be 
divided into a number of similar sectors (see the diagrams, Figs. 149 
and 152); in the other, the halves produced by one section are unlike 
those produced by another, and such flowers also are said to be zyqo- 
morphic. Those flowers are said to be zrregular or asymmetrical 
which cannot be symmetrically divided by any section whatever. 

These expressions apply as well to the relations of position and num- 
ber as indicated in floral diagrams, as to the form of the perfect flower. 
It frequently happens that a flower which is more or less regnlar at. its 
first appearance subsequently becomes zygomorphic, as in Dictamnus 
and in the Leguminosz and Labiatv ; spiral flowers also, the diagrams 
of which do not indicate any such condition, often assume a zygo- 
morphic form, as in Aconitum. 

Actinomorphic flowers sometimes occur abnormally, more especially 
near the extremity of the axis of inflorescence, in plants the flowers of 
which are normally zygomorphic. Such flowers are said to be peloric. 

Pollination. It is essential as a preliminary to fertilisation, that 
the pollen should be conveyed to the stigma. In a great number of 
hermaphrodite flowers, particularly such as are small and inconspicu- 
ous, the pollen is conveyed to the stigma of the same flower by very 
simple means ; in some cases the pollen falls on to the stigma which 
lies at a lower level than the anthers, in others the close juxtaposition 
of the organs allows of its immediate transfer to the stigma so soon as 
the anthers open, In all these cases the fertilisation is perfectly 
effected by the pollen of the same flower. It is, however, self-evident, 
that, when flowers are diclinous, the pollen must be conveyed to 
the stigma of one flower from another ; and it is now known that in 
a vast number of hermaphrodite flowers also, pollination is commonly 
effected by the transfer of pollen from one flower to another (cross 
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fertilisation). The conveyance of the pollen is effected in the case of a 
number of plants with inconspicuous flowers, such as the different Cer- 
eals, by the agency of the wind; but in the case of such flowers as are'con- 
spicuous by their size, colour, perfume, and by their copious secretion of 
honey, the insects which visit the flowers for the sake of the honey as 
well as to gather pollen for food, perform this important function. In 
some of these cases it has been demonstrated that it is only the pollen of 
other flowers which can effect fertilisation, that the pollen of the flower 
itself is useless, or even injurious, and that consequently cross-fertilisa- 
tion is indispensable. In other cases the pollen of the same flower, 
though not absolutely useless, has far less fertilismg power than that 
of another flower; under these circumstances cross-fertilisation is 
advantageous. In other cases again the pollen of the flower itself has 
as powerful a fertilising effect as the pollen of other flowers, but the 
superiority of cross-fertilisation is shown by the greater vigour of the 
progeny which are the issue of the crossing of two individuals. 

In those flowers to which cross-fertilisation is indispensable or at 
least important, the most various contrivances are exhibited for the 
purpose of hindering or limiting self-fertilisation on the one hand, and 
on the other of facilitating cross-fertilisation, or finally, in default of 
cross-fertilisation, of ensuring ultimate self-fertilisation ; this last, of 
course, only in those cases in which the pollen of the flower itself 
is capable of fertilising it; for it is evident that self-fertilisation, even 
if not very advantageous, is at anyrate of some use to the plant. 

Among the contrivances for the prevention of self-fertilisation one 
of the simplest is the arrangement of the anthers and stigma in such 
positions that the pollen cannot possibly reach the stigma of the same 
flower, e.g., Aristolochia (Fig. 154), or secondly, the abortion of all 
the male organs in some flowers or of all the female organs in others ; 
in such flowers the organs in question are present but they are not 
functional. This is an approach to the diclinous condition ; it occurs 
in the Tiger-lily, in which the anthers are commonly abortive in some 
flowers and the ovaries in others. Thirdly, dichogamy frequently 
occurs, that is, that the stigmas and stamens attain their functional 
activity at different times; flowers in which this occurs are either 
protandrous, that is, the anthers are first developed and have already 
shed their pollen when the stigma of the same flower is capable of 
receiving it, or they are protogynous, that is, the stigma is fully 
developed before the anthers of the same flower are ready to shed their 
pollen: in the latter case self-fertilisation is obviously only excluded 
if the stigma is withered before the pollen is shed ; there are, however, 
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protogynous flowers in which the stigma remains fresh for a long time 
and which may be fertilised by their own pollen. 

Among the contrivances which lead to the cross-fertilisation of 
flowers by the agency of insects, the means of tempting insects to visit 
the flowers, such as bright colours, odours, and the secretion of honey, 
must be first mentioned. The peculiar marking of the flower serves 
in many cases the purpose of guiding insects to the nectary. The form 
of the flower, the situation of the honey, the position of the stamens 
and their relation to the other parts of the flower, particularly to the 
stigma, the relative development in point of time of the different parts, 
all these circumstances combine and co-operate to secure cross-fertilisa- 
tion, and sometimes to allow of the visits of particular insects only, as 
for instance of butterflies with long probosces. There are also cases 
in which the insects must occasionally convey the pollen to the stigma 
of the same flower. <A simple arrangement of this kind known as 
heterostylism or dimorphism and which occurs in the Primulacee, 
Pulmonariez and others may be mentioned here. These plants have 
two kinds of flowers ; in one form the stamens are short and the style 
much longer, so that the stigma projects above the anthers; in the 
other form, on the contrary, the anthers are on long filaments above 
the stigma, and they are so constructed that the anthers of one form 
stand on the same level as the stigma of the other (w Fig. 250). 
From the position of the nectary and the form of the rest of the flower, 
an insect visiting it is obliged to take up the same position at each 
visit ; consequently after it has visited a flower of the kind one when 
it visits a flower of the other kind, it touches the stigma of the latter 
with the same part of its body with which in the first flower it 
brushed the anthers, and thus the pollen which it carried away with 
it from the anthers of the one flower is transferred to the stigma of 
the other. Observations made by artificially transporting the pollen 
have shown that fertilisation is most complete when the pollen of 
stamens of a certain length is conveyed to the stigma of a style of the 
same length. The same is the case with ¢trimorphic plants, e.g., 
Oxalis: in these, three forms of flowers occur with three different 
lengths of styles and stamens. 

As examples of more complicated contrivances for the purpose of 
securing cross-fertilisation Aristolochia and Epipactis may be described. 

The flower of Aristolochia Clematit’s (Fig. 154) is protogynous ; 
insects can penetrate without difficulty down the tube cf the perianth 
which is furnished on its internal aspect with hairs which point 
downwards, and they thus convey the pollen they have brought with 
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them from other flowers, to the stigma; the hairs, however, prevent 
their return. When the pollen has reached the stigma, its lobes (Fig. 
154 A and Bn), spring upwards, and thus the anthers, which now 
begin to open, are made accessible to the insects ; these, in their efforts 
to escape (Fig. 154 1), creep round the anthers and some of the pollen 
adheres to them; by this time the hairs in the tube have withered, 
and the insect escapes, dusted over with pollen which, in spite of 
experience, it proceeds to convey in like manner to another flower. 


Fia. 155.—Epipactis latifolia. A. Longi- 
tudinal section through a flower-bud. B. 
Open flower after removal of the perianth, 
with the exception of the labellum,l. C. The 
reproductive organs, after the removal of the 
perianth, seen from below and in frent. 
Das B. The point of a lead-pencil (6) in- 
serted after the manner of the proboscis of 
an insect. £ and F, The lead-pencil with 
the pollinia attached ; /K, ovary ; l, labellum, 
its sac-like depression serving as a nectary ; 
n, the broad stigma; en, the connective of 
the single fertile anther; p, pollinia; h, the 

Fic. 154.— Flower of Aristolochia. A. Before, rostellum; z, xz, the two lateral gland-like 
‘and B, after fertilisation; r, the tube of the staminodes ; i, place where the labellum has 
perianth ; k, the cavity below; n, stigma; a, been cut off; s, the columnar style (after 
anthers ; 1, an insect ; kf, ovary (after Sachs). Sachs). 


Those flowers which are ready for fertilisation have an erect position, 
and the tube of the perianth is open above so that the insect can 
readily enter ; after fertilisation the peduncle bends downwards and 
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the tube is closed by the broad lobe of the perianth, so that it is 
impossible for insects to enter flowers which have been fertilised. 

In the flower of Epipactis (one of the Orchidacez), the anther is 
situated above the stigma and does not shed its pollen in isolated 
grains ; but when a certain sticky portion of the stigma, known as the 
rostellum (Fig. 155 h) is touched, the entire pollen-sacs, together with 
the rostellum itself, are carried away. The insect creeps into the 
flower to obtain the honey which is secreted in the cavity of one of 
the leaves of the perianth, the labellum (Fig. 140 7), and, as it with. 
draws from the flower, it carries away the rostellum with the pollen- 
masses (pollinia). (In Fig. 155 the point of a pencil > has been 
introduced into the flower and the rostellum has adhered to it). The 
insect, on entering the next flower, deposits the pollen upon the stigma. 

In the course of frequent cross-fertilisation it is Inevitable that the 
pollen of other species of plants should be applied to the. stigma, but 
while the pollen of plants of very different species is wholly without 
effect, that of nearly allied species, particularly those belonging to the 
same genus in certain groups, has a fertilising effect; the result of 
such fertilisation is hybridisation, that is the development of a plant 
which combines the characters of both parents to a certain extent, and 
which is known as a bastard or hybrid. Hybrids are for the most 
part sterile among themselves, but are often fertile when crossed again 
with a plant of either of the parent-species or of some allied species. 
While hybrids are produced 
with great ease in certain 
genera, as Salix and Cirsium, 
in others the artificial pro- 
duction of hybrids has never 
yet been found possible even 
between very closely allied 
species, as the Apple and Pear. 

Fertilisation. After reach- 
ing the stigma the pollen- 


grains protrude the pollen- 
Fic. 156.— Diagram of an ovule shortly after 


tubes whi C h pene trate fertilisation: a, outer, and i, inner integument ; fs 


through the tissue of the funicle; %, nucleus. §. Embryo-sac in which F is 
3 2 the embryo developed from. the fertilised oosphere. 
sty le into the cavity of the The sac also contains the endosperm which is formed 


ovary, and through the micro- by free-céll-formation. P. The pollen-tube, passing 
., through the micropyle, 2. 

pyle of ‘each ovule to its “8° ™omPy™ 

nucleus (Fig. 156 Pn). The time required by the pollen-tube for 


this process depends partly on its distance from the ovule and partly 
13 
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on the specific peculiarities of the plant ; thus the pollen-tube of the 
Crocus takes only from one to three days to traverse the style which 
is from 5 to 10 centimetres in length ; but in the Orchids, where the 
length of the style varies from 2 to 3 millimetres, several days, weeks, 
or even months are needed, and it is during this process that the ovules 
are formed in the ovary. 

In the Angiosperms the embryo-sac always lies at the anterior end 
of the nucleus, and it sometimes projects from the micropyle. It contains 
three cells at its posterior and three at its anterior end; it is one of 
these latter which is the oosphere and which becomes fertilised by the 
pollen-tube. In consequence 
of fertilisation, it becomes 
surrounded by a cell-wall, 
and elongates to form the 
suspensor, at the posterior 
end of which the embryo is 


Fic. 157.—Sections of ripe seeds. A. Nuzx vomica, developed (Fig. 156 LE). 


showing EF, endosperm. B. Piper, showing both endo- a: 
sperm, EZ, and perisperm, P. OC. Almond, devoid of Meanwhile the rest of the 


endosperm ; s, the testa; e, embryo; w, its radicle; sac becomes filled with endo- 
A aah pi hon a sperm ; this is usually first 
formed by free-cell formation, but in many cases it arises by the division 
of the embryo-sac. 

In the endosperm the nutritious substances which will be needed by 
the young plant when it germinates, are stored up. In many seeds 
the whole or the greater part of the endosperm is absorbed by the grow- 
ing embryo ; in that case the nutritious substances are deposited either 
in the persistent and increasing tissue of the nucleus (as in Canna 
and Piper Fig. 157 B P), which is called the perisperm, or in the 
germ itself, in its cotyledons which attain a considerable size (as in 
Bean, Horse chestnut and Almond, Fig. 157 C). 

The Fruit. The results of fertilisation are not manifested: only in 
the formation of the embryo from the oosphere and of the seed from 
the ovule; but they extend to the whole of the gynccium and 
occasionally even to other parts of the flower. 

The word fruit, in its strictest sense, means the whole product 
of the development of the gyncecium as a result of fertilisation, If 
other parts of the flower take part in the formation of the organ which 
is formed in consequence of fertilisation and which contains the seed 
(of what,-in short, is commonly called the fruit), it is termed a 
spurtous fruit. The apple, for instance, is such a spurious fruit, for 
the outer fleshy part belongs to that part of the axis of the perigynous 
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flower which surrounds the ovary and which still bears the sepals 
(v. Fig. 242 D). What are called the pips of the apple are the seeds. 
The strawberry also is a spurious fruit: in it the receptacle, which 
belongs of course to the axis, developes largely and becomes fleshy and 
bears the true fruits in the form of small hard grains. ‘The fig is 
another example of a spurious fruit (Fig.194); it is in fact a fleshy recep- 
tacle (i.e., an axis) which bears a multitude of distinct flowers situated 
inside the cavity of the fig, and theindividual fruits appear as hard grains, 

In other cases, a husk, called the cupula is formed, which contributes 
to the formation of a spurious fruit: this is formed of leaves and is 
not developed until after fertilisation ; it may surround either a solitary 
distinct fruit, like the acorn-cup (Fig. 200), or several distinct fruits, 
like the four-valved spiky husk of the Beech-tree or the prickly husk 
of the edible Chestnut. 

When the fruit consists of one or more monomerous ovaries, it is 
said to be apocarpous: examples of this occur in Ranunculus, in the 
Raspberry, where the individual ovaries are succulent, and in the Star- 
anise (Fig. 158). The indivi- 
dual fruits may be developed 
in very different ways; they 
may be dehiscent or indehis- 
cent, dry or succulent. 

When the fruit consists of 
a single polymerous ovary, it 
is said to be syncarpous. 
When the loculi of such a 
fruit separate from each other 


Fie. 158.—Fruit of Jlli- 
cium anisatum: st, peduncle ; 
during the process of ripening, J, /, the separate fruits, each 


so that it ultimately appears as W'*> # seed () forming an 
j ee ‘ apocarpous fructification. 
if a number of distinct fruits 


were present, it is termed a 


Schizocarp ; each of these is 
Fic. 159.—Carum Carui, one of the Umbellifere. 


termed a mericarp when two A. Ovary of the flower (f/f). B. Ripe fruit which 
only are present, asin the Um- has divided into two mericarps (m), a portion of 


Ralittapes (Fig. 1 59) ; iwethe the median wall (a) forms the carpophore. 
Geraniacese, where there are several distinct fruits, each is termed a 
coccus; and in the Maple each fruit is winged and is termed a 
samara. ‘The individual cocci are always indehiscent. 

In various multilocular ovaries only one loculus becomes fully de- 
veloped and bears seeds, as in Valerian and the Oak; the others are 
abortive. It happens in rare cases that the fruit becomes perfectly 
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formed without any development of seed or embryo, as in a particular 
seedless variety of Grape. 

Tn all true fruits the wall of the ovary forms the pericarp or rind ; 
this usually consists of three distinct layers; the external layer 
is the epicarp, the middle the mesocarp, and the innermost the 
endocarp. The following varieties of true fruits have been distin- 
guished by the peculiarities of these three layers of their walls— 
whether they are dry or succulent, hard or soft,—and by the mode in 
which the fruit opens to allow the seed to escape. 

A. Dry Fruits; the pericarp is woody or coriaceous ; the sap has 
usually disappeared from all the cells. 

I. Dry Indehiscent Fruits; the pericarp does not rupture, but 
encloses the seed until germination; the testa is usually thin and 
frequently coalescent with the pericarp. 

(1). One-seeded fruits : 


Fic. 160.—Dry dehiscent fruits. A. The pod (legume) of the Pea; 7, the dorsal suture ; 5, 
the ventral ; c, calyx ; s, seeds. B. Septicidal capsule of Colchicum autumnale: f, J, f, the three 
separating carpels. @. Siliqua of Brassica; k, the valves; w, the dissepiment (replum) ; 
s, seeds; g, style; n, stigma. D. Capsule, opening by pores, of Papaver somniferum, the 
Poppy ; n, stigma; j, the pores which open by the removal of the valves (a). #. Pyxidium 
of Hyoscyamus; d, the lid; w, the dissepiment ; s, seeds. 
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(a). The nut (gluns) e.g., hazel-nut (but not the walnut) ; the 
dry pericarp is hard and sclerenchymatous. 

(0). The achene or caryopsis (superior): the pericarp is thin and cori- 
aceous; e.g., the fruit of Grasses, of the Rose and the But- 
tercup. ‘The fruit of the Composite is a cypsela (inferior). 

(2). Many-seeded fruits (schizocarps) ; these commonly split into one- 
seeded fruits, which usually enclose the solitary seeds until germina- 
tion, e.g., the Umbellifere (Fig. 159), Geraniaceze and Maple. 

Il. Dry Dehiscent Fruits. The pericarp ruptures and allows the 
seeds to escape ; the testa is usually firm and thick; they are com- 
monly many-seeded. 

(1). Dehiscence longitudinal. 

(a). The follicle, consisting of a single carpel which opens 
along the ventral suture where also the seeds are borne, 
e.g., Peeonia and Llicium (Fig. 158). 

(b). The legume or pod likewise consists of but one carpel 
which opens along both the dorsal and ventral sutures 
(Fig. 160 A, tranverse section Fig. 145 A): eg., the 
Vetch, Pea, Bean and all the Leguminose; in some 
cases (Astragalus) a spurious dissepiment occurs. 

(c). The siliqua, consists of two carpels. The two carpels 
when ripe separate from the base upwards into two 
valves, and from the spurious dissepiment (replum) 
which remains attached to the apex of the peduncle; e.¢., 
Rape, Mustard, and most of the Crucifere (Fig. 160 C) 

(d). The capsule is derived from a polymerous ovary which may 
be uni- or multilocular ; it splits into two or more valves 
either for a short distance only from the apex down- 
wards, or down to 
the very base (Fig. 
160 #). If the 
carpels become also 
separated from each 
other, and in the 
case of multilocular 
ovaries this invol- 
ves the splitting of 


the  dissepiments 


(Fig. 161 A), the Fie. 161. ~ Diagrammatic pooWions of fea fiat 
P 3 i capsules. A. Septicidal, B, loculicidal, C, septi- 
dehiscence is said fragal dehiscence. 


to be septicidal ; if, on the other hand, each carpel 
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splits along its dorsal suture, the dehiscence is said to 
be loculicidal (Fig. 161 B). In multilocular ovaries 
the dissepiments may be persistent and remain either 
attached to the middle of the valves (Fig. 161 B), or 
united into a column which is free from the valves : in 
this case the dehiscence is said to be septifragal (Fig. 
161 C). 

(2). The form known as pyxidium has a transverse dehiscence, e.g., 
in Plantago, Anagallis, Hyoscyamus (Fig. 160 2); the upper part 
falls off like a lid, . 

(3). The porous capsule, e.g., the Poppy (Fig. 160 D) sheds its seeds 
through small holes arising from the removal of small portions of the 
wall in certain spots. 

B. Succulent Fruits. Yn these the pericarp (or at least some layers 
of it), retains its sap until it is ripe and usually becomes fleshy at that 
stage. 

(1). The drupe (Fig. 162) eg., the Plum, 
Cherry and Walnut. The most internal layer, 
the endocarp, is very hard and sclerenchymatous 
(Fig. 162 #) and encloses the seed until germi- 
nation ; the mesocarp is generally succulent, and 
the epicarp is a delicate membrane. 

(2). The berry (bacea); the endocarp is soft 
and juicy as well as the mesocarp, so that the 
solitary hard seeds are imbedded in the pericarp : 

there may be one seed only, e.g., the Date, or 
peer Sack pensole stn many, as in the Gourd, Currant, and Grape. 


Almond: s, the seed at- The Orange and Lemon also come under this 
tached by the funicle //); head : 

e, the hard endocarp; m™, i d ‘ 

the mesocarp: and x, the The seeds of dehiscent fruits are usually pro- 


Ses constitute vided with various contrivances to ensure their 
dispersion ; in the case of indehiscent fruits, the 
fruit itself is thus provided: of this nature are the wing-like appen- 
dages of the fruit of the Maple and of the seeds of many Caryophyllace- 
ous plants, the hairs upon the fruit of the Composite, and upon the 
seeds of the Cotton, the Willow, and the Poplar. The coats of many 
fruits and seeds have layers of cells which become extremely mucila- 
ginous, e.g., the Quince, the Flax (linseed), and the Plantain. The 
fruits of Geranium and allied genera have long beaks by means of 
which they bury themselves in the soil. 
Some seeds begin to germinate as soon as they are shed, but for the 
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most part a period of rest is requisite; if this is too much prolonged 
they lose their germinating power. 

The Inflorescence. It is only in comparatively few plants that the 
first or main axis terminates in a flower ; such plants are said to be 
uniaxial : it is not usually till the second or third branch, or one of 
even a higher order is developed, that a flower is produced ; such 
plants are said to be bi-, tri-, or poly-axzal. 

The floral axis of Angiosperms frequently forms an elaborate branch- 
system which is usually sharply defined from the vegetative 
part of the plant, and which bears no leafy structures beyond those of 
the flower except bracts. This is known as the 7¢njflorescence. 

In the inflorescence, as usually in all parts of the Angiosperms, the 
branching is almost always monopodial and axillary. Some apparent 
exceptions may be easily reduced to this type; thus, in the racemes 
of most of the Crucifere the bracts at the bases of the individual 
pedicels are abortive, and the same occurs in many of the Composite ; 
in the Solanez and Boraginez the bract often undergoes displacement, 
so that it appears to be placed at the side of the axillary shoot ; on the 
other hand, it sometimes occurs that the axillary shoot is for some dis- 
tance adherent to the main shoot. 

A long flower-stalk with no leaves or with only a few small bracts, 
which bears at its upper end a crowded or a sharply defined inflores- 
cence, is called a scape. 

In accordance with the principles of branching already laid down 
on page 19, the different forms of inflorescence may be classified as 
follows : 

A. Racemose inflorescences: consisting of a main axis or rachis 
bearing a number of lateral branches which have been developed in 
acropetal succession ; the lateral shoots do not usually grow longer 
than that portion of the main axis which les above their insertion. 
It is immaterial whether or not the main axis terminates in a flower. 
Tf the lateral shoots of the first order—i.e., those which spring directly 
from the main axis of the inflorescence—terminate in a flower without 
any further ramification the inflorescence is said to be 

I. Simple : 

(a) With an elongated axis: the lateral shoots, which are the 
pedicels, spring from the axis at some distance from each other. The - 
three following forms may be distinguished : 

(1) The spike, in which the flowers are sessile on the floral axis, 
or have very short pedicels (Fig. 163 A); e.g., the male spike of 
Carex. 
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(2). The spadix, which differs from the spike only in having a thick 
and fleshy axis; a large bract forming a sheath, called a spathe, 
commonly grows at the base of the inflorescence and envelopes it more 
or less ; e.g., Arum and Richardia. 

(3). The raceme, in which the flowers have long pedicels of nearly 
equal length; e.g., the Crucifere, as the Radish, Cabbage, &e. ; in 
these the bracts of the individual flowers are not developed ; also Ber- 
beris and others, but not the Grape-vine (v. below No. 7). 

(8) With a short axis; the flowers are set closely together on the 
short or flattened main axis. 

(4). The capitulum (head) in which the short main axis is conical 
or disc-shaped or even hollowed out, and is closely covered with sessile 
flowers (Fig. 163 
D); e.g., the Com- 
posite, as Dande- 
lion, Sunflower ; 
also the Scabious. 
The bracteoles 
(paleze) of the indi- 
vidual flowers 
(Fig. 163 D p) are 
sometimes want- 
ing; but the 
whole head is sur- 


Fic. 163.—Diagrams of the varieties of racemose inflorescences. 
A, Spike. B. Compound raceme. €. Compound umbel; d, rays 
of the umbel; i, involucre ; dy. secondary rays of the umbellule; rounded at the 
tz, involucel. D. A capitulum ; i, involucre ; 6, flower ; p, pale. 


base by a number 
of bracts forming an involucre (Fig. 163 D e) which gives the in- 
florescence the appearance of being one flower. 

(5). The wmbel, composed of a large number of flowers with long 
pedicels which spring together from a very short axis which commonly 
terminates in a flower (Fig. 163 Cd); e.g., the Ivy. The bracts of 
the separate pedicels forming the rays, are usually present in diminished 
number ; they form an involucre. 

II. Compound racemose inflorescences are formed when the lateral - 
shoots which bear the flowers as described above are again branched, or, 
in other words, when inflorescences of the types above enumerated are 
united to form a larger inflorescence ; for instance, when several 
capitula are arranged on the main axis in the same way as the flowers 
of a raceme. The same terms are applied to the first ramification of 
the compound inflorescence as to the simple ones described above ; the 
above-mentioned example, for instance, is a raceme of capitula and is 


aa ‘ 
se 
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termed a capitulate raceme. Compound inflorescences may be classified 
as follows: — 

(a) Homogeneously compound ; in these the branches of the first 
and second (or higher) orders are of the same character. 

(6). The compound spike; in this form many simple spikes are 
arranged on the main axis of the inflorescence in the same way as the 
flowers in a simple spike, or, in other words, the main axis of the 
spike gives rise to secondary spikes instead of to single flowers ; e.g., 
the inflorescence of Wheat, Rye, &c. 

(7). The compound raceme ; in this case smaller racemes grow on the 
main axis of the raceme ; the ramification is in many eases still further 
repeated in such a way that it is more complex at the base of the pri- 
mary raceme than towards the apex ; e.g., the Grape-Vine (Fig. 163 B). 

(8). The compound umbel (Fig. 163 C). This is far more common 
than a simple umbel and is in fact usually called an umbel ; the separate 
simple umbels (Fig. 163 Cd) are then called umbellules and their 
respective involucres are involucels. 

(B) Heterogeneously compound inflorescences ; in these the bran- 
ches of the different orders are dissimilar. In consequence of this 
so many complicated forms arise that it is impossible to enumerate 
and name all the combinations. As examples the following will only 
be mentioned : the capitulate raceme, which consists of a number of 
capitula arranged in a raceme; it occurs in many of the Composita, 
e.g., Petasites: the spicate capitulum, which consists of several spikes 
forming a capitulum as in the Scirpee: the spicate raceme which 
occurs in many Grasses, in which the last branches of a compound 
raceme are spikes. 

B. Cymose inflorescences. The main axis, which terminates in a 
flower, produces below its apex one or a few lateral branches—rarely 
several—which also terminate in flowers, but grow more vigorously 
than the main axis and repeat the same type of ramification. 

I. In the simple cyme the ramification in the secondary and higher 
orders follows the same type. 

(a) Without a pseud-axis: (see page 20). 

(9). The eyme: beneath the terminal flower spring several—three 
or more—lateral shoots of equal vigour, e.g., many EKuphorbize. This 
inflorescence greatly resembles the true umbel and in fact cannot be 
distinguished from a true umbel which has a terminal flower. The 
identification of an inflorescence as belonging to the cymose type in 
many cases depends on the fact that in the higher orders of branching 
the cymes are reduced to dichasia. 
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(10.) The dichasium (Figs. 18 and 19 C, page 20) consists of only 
two equal lateral shoots arising at the same level below the terminal 
flower and branching in a similar manner. The successive false dicho- 
tomies commonly decussate ; e.g., Valerianella and the weaker inflores- 
cences of many Euphorbie, 

(8B) With a pseud-axis, 

(11). The helicotd eyme (bostryx): the lateral branches of the suc- 
cessive ramifications always occur on the same side (v. ante, Fig. 19 D). 

(12). The scorpioid cyme (cincinnus): in this the lateral branches 
occur alternately on opposite sides (Fig. 19 A and A). 

II. Compound cymose inflorescences arise on one hand from the 
reduction of the ramification in the higher orders, as, for instance, 
when the secondary members of a cyme are not cymes but dichasia : 
these are dichasial cymes; they occur in many Euphorbie: again, 
when dichasia terminate in scorpioid or helicoid cymes. On the 
other hand it sometimes occurs that helicoid cymes are combined to 
form scorpioid cymes, as in Geranium. 

C. Compound racemose and cymose inflorescences. It may occur 
that a compound inflorescence changes in type in the different orders of 
ramification. Thus the branches of the first order may exhibit a racemose 
arrangement, and those of the second a cymose arrangement, as in the 
dichasial racemes of many Euphorbie (e.g., H. esula, amygdaloides), in 
the scorpioid racemes of the Horse-chestnut, and in the helicoid 
capitula of many species of Allium. On the other hand the branches 
of the first order may have a cymose, and those of the second a racemose 
arrangement ; for instance, the helicoid cymes of capitula in Cichorium., 

Finally, there are certain terms used in describing inflorescences 
which refer only to the general external appearance rather than to the 
mode of formation of the inflorescence: thus the panicle is a pyra- 
midal inflorescence generally of the racemose type, at least, in its first 
ramification: the corymb is a compound inflorescence of which all the 
ultimate ramifications lie in one plane and bear flowers, e.g., Sambucus 
(the Elder): the anthela is a compound inflorescence, of which the 
branches of the first order are gradually shorter from below upwards 
(or rather from without inwards), as in Juncacee: the amentum 
(catkin) is a simple or compound inflorescence, usually pendulous and 
’ elongated, bearing inconspicuous flowers, which separates from the 
plant when the flowering is over. Of cymose inflorescences there is the 
Jascicle, consisting of a number of flowers on pedicels of equal length 
(Sweet William), and the glomerule (Nettle and Box) or verticillaster 
(many Labiate), consisting of a few sessile or shortly pedicillate flowers, 
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Crass IX.—MONOCOTYLEDONS. 


The embryo has but one cotyledon ; the endosperm is usually abun- 
dant in the ripe seed. | 

The embryo is usually small in comparison with the mass of 
endosperm (Fig. 164 Lec). 
The axis of the embryo 
terminates at the posterior 
end in a very short radicle 
and bears anteriorly a 
sheathing cotyledon which 
is considerably larger than 
the whole of the rest of 
the embryo, and which not 
unfrequently encloses one 
or more of the first minute 
alternating leaves. 

On germination, the 
upper end of the cotyle- 
don commonly remains 
in the seed and absorbs 
the nutritious substances 
deposited in the endo- 
sperm (Fig. 164 L/-IV) ; 
the lower part of the 
cotyledon elongates and 
pushes the rest of the 
embryo out of the seed. 
In Grasses the cotyledon 
has a peculiar shield-like 
form and is termed the 
scutellum (Fig. 165 ss): 
in the ripe seed it almost 
entirely encloses the em- 
bryo, and is in contact by 


Fic. 164.—Germination of Phoenix dactylifera, the Date. J. Transverse section of the 
dormant seed. J//., 1V. Different stages cf germination (JV. the natural size). A. Transverse 
section of the seed atzzin JV. B. Transverse section at cy. C,atzz; e, the horny endo- 
sperm ; s, the sheath of the cotyledon ; st, its stalk ; c, its apex developed into an organ of 
absorption which gradually consumes the endosperm and at length occupies its place ; w, the 
primary root ; w’, secondary roots ; b’, b”, the leaves which succeed the cotyledon (6”) becomes 
the first foliage-leaf ; in B and C its folded lamina is seen cut across (after Sachs). 
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its outer surface with the endosperm ; during germination the cotyledon 
absorbs the nutritious matters contained in the endosperm while the 
stem with the other leaves grows 
out of the seed. In other Mono- 
cotyledons the cotyledon is either 
a sheathing seale, or it is the first 
oreen leaf, differing but little from 
the foliage-leaves which are subse- 
quently developed. 


The primary root usually remains 


small and inconspicuous; adven- 
titious roots are developed in suc- 
cession at higher and higher levels 
upon the stem. 

The stem of Monocotyledons is 
traversed longitudinally by scat- 
tered closed fibro-vascular bundles ; 


Fic. 165.—Longitudinal section of the grain jt has therefore no growth in 


of Zea Mais (xX about 6): ¢, pericarp; n, re- 
mains of the stigma; js, base of the grain; 
eg, bard yellowish part of the endosperm ; 
ew, whiter less dense part of the endosperm ; 
sc, scutellum of the embryo; ss, its apex; 
e, its epidermis; k, plumule; w, (below) the 
primary root; zs, its root-sheath ; w, (above) 


secondary roots springing from the first inter-' 


node of the embryonic stem (st) (after Sachs). 


thickness by the means of cam- 
bium. In a few genera only, as 
Yucca and Draczena, it grows 
subsequently in thickness by the 
formation of meristem in the exter- 
nal layers of the ground-tissue 


from which additional closed fibro-vascular bundles are developed. 

The axis of the embryo in many cases continues to be the main 
axis of the plant; at first it is thin and weak, and since no subsequent 
growth in thickness of the stem takes place and since the successive 
portions of the stem are thicker and more vigorous, the whole stem 
gradually assumes the appearance of an inverted cone, but when the 
plant has reached a certain height it may then grow cylindrically : 
this is the reason why in Palms, in the Maize, and other similar erect 
stems, there is a diminution in thickness at the lower end. . Fre- 
quently, however, the primary axis of the plant perishes when it has 
given rise to lateral shoots. 

The arrangement of the leaves is at first alternate: when the stem 
is well-developed this alternate arrangement often passes over into 
complex spiral arrangements, as in Fritillaria and in Palms, in which 
plants a crown of leaves is conspicuous. In the Grasses and a few 
other families, the phyllotaxis is permanently alternate. A whorled 
arrangement of the foliage-leaves occurs but rarely. 
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The leaves commonly have a distinctly developed sheath but no 
stipules. The lamina is usually entire, simple in outline, often long 
and narrow, linear or ensiform, more rarely orbicular, cordate or 
sagittate. Branched leaves occur only in a few of the Aroidez. The 
pinnate or palmate leaves of the Palms acquire this form by the 
splitting of the originally entire lamina, and the same is the case with 
the perforated leaves of many Aroidex. 

The venation of the leaves is characterised by the fact that the 
weaker veins do not usually project on the under surface. In linear 
leaves, and in such as are inserted by a broad base, the stronger veins 
run almost parallel ; in broader ones, e.g., Lily of the Valley (Conval- 
laria majalis), they describe a curve which is more or less parallel to 
the margin: the weaker veins usually run at right angles between the 
stronger ones. In the Scitaminez and a few other plants, a number 
of parallel transverse veins are given off at various angles (sometimes 
very acute and sometimes nearly right angles) from the median vein. 
Reticulate venation of the leaves is very unusual ; it occurs in Aroids 
and in Paris quadrifolia. 

The flower of Monocotyledons consists typically of five alternating 
and isomerous whorls, two belonging to the perianth, two to the 
andreecium and one to the gyncecium. Thus the typical formula is 
kn, Cn, An + n, Gn, where n in most cases = 3, more rarely = 2, 
4 or 5. 

This type is most closely adhered to in the Liliifloree, more especially 
in the Liliacee. The first departure from it is exhibited in the 
abortion of the inner whorl of stamens in the Iridee, and in the 
inferior position of the ovary. This latter character occurs also in the 
Scitaminee and Gynandre, which are also characterised by the 
zygomorphism of their flowers and the considerable reduction of the 
androecium. 

Other various and considerable reductions of the parts of the 
flower occur among the Aroidex, and constant reduction in the Gluma- 
cee and Typhaceee. 

In the case of certain water-plants, the Polycarpice, development 
appears to have been arrested at an early stage ; the number of the 
members of the gyncecium and to some extent even of the andre- 
cium is not constant, and the spiral arrangement predominates. 

Other simply organised water-plants may be regarded in some cases 
as reduced forms, as the Lemnacex, while some seem to be representa- 
tives of a special type, as the Naiadez and Potamogetonex. 

The Monocotyledons may be classified as follows : 
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Series I. Hetosrz. Water-plants; seeds with little or no endosperm ; 
- the embryo has a well-developed hypocotyledonary axis ; the numerical 
relations of the flower usually deviate from the typical numbers. 
Order 1. Fluviales. 
» 2  Polycarpice. 
» 9% Hydrocharidee. | 

Series II. Micrantua#. Land or bog-plants: the individual flowers 
usually small and inconspicuous, frequently devoid of perianth, but on 
close examination referable to the type. . Inflorescences, many-flowered. 

Order 4. Spadicifloree. 
» Oo. Glumacee. 
» 6. Enantioblastee. 

Series III. Coronuirtore. Mostly land plants with two perianth 
whorls which are generally both petaloid : the gyncecium is typical : 
the androecium frequently imperfect by abortion of members. 

Order 7. Liliifloree. 
,» 8. Scitaminee. 
» 9 Gynandre. 


Series .—HELOBI 2 
OrpDER I].—FLU VIALES. 


Flowers imperfect, very simple, for the most part without a perianth. 
Ovary 1 or more, separate, each containing an erect or suspended ovule. 
Endosperm small or wanting. Aquatic plants. | 

Fam. 1. Lemnacrm. Stem leafless, Each inflorescence consists 
of two male and one female flower borne on a lateral prominence of 
the stem: the male flowers consist of a single 
stamen, and the female flower of one ovary. 

Lemna trisulca, polyrrhiza, &c., are known as Duck- 
weed ; they are common in tanks and ponds, floating on 
the water. The stem, which is leafless, is almost flat, 
resembling a thallus: it bears two rows of branches 
(Fig. 166) as also roots on its under surface which are 
suspended in the water. Roots are, however, absent 
in Lemna arrhiza, which is also devoid of fibro-vascu- 
lar bundles. 


Fic. 166.—Part of a plant 
of Lemna trisulca, seen from 


above: a, the young lateral Fam, 2, NalaADEm. Stem bearing leaves ; 
branches (nat. size). q , 
male and female flowers in an enclosing sheath. 


Naias major, minor, &c., are submerged slender plants, much branched with 
distichous opposite leaves. 
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Fam. 3. Poramoceronre®. Stem bearing leaves. The structure 
of the floweris variable ; in Potamogeton it is A2 + 2, G x 4. The 
four stamens have broad lateral appendages on their outer surfaces, 
which have been described as forming a perianth. 

Potamogeton (Pond-weed) is represented by many species ; the stem bears either 
only submerged leaves which are narrow and linear, as in Potamogeton pusillus 
and others ; or somewhat broader, as in P. densus ; or it bears a few broad leaves 
which float on the surface of the water, as in P. natans. The flowers are disposed 
in more or less crowded spikes, which in some species remain permanently sub- 
merged, but in others are raised above the water on long stems. Zostera marina 
(Sea-wrack), Phucagrostis, and others, live in the sea. 


ORDER 2..—POLYCARPICA. 


The flowers almost always have a perianth, and they are usually 
constructed on the type of monocotyledonous flowers with multiplica- 
tion in the andreecium and in the gyncecium which is apocarpous ; the 
formula is An Cn An+n+4+... Gn +... Ovary superior. Seeds 
devoid of endosperm. Bog or water-plants. 

Fam. 1. Juncacinem. Both perianth-whorls are sepaloid and 
inconspicuous. ‘The outer whorl of carpels is occasionally abortive. 


Triglochin palustre is common in marshes and on the margin of pools. The 
flowers are disposed spirally in a long loose spike without bracts. Scheuchzeria 
palustris is rarer ; it occurs in bogs ; the flowers are set in the axils of distichous 
bracts, 


Fic. 167.—Diagram of the Flower of Fic. 168.—Diagram of Alismaceae. 4. Of 
Triglochin. Butomus. B. Of Alisma. 


Fam. 2. AtisMacem. K3 C3 A3? + 3 or o, G3 + 30r o. The 
outer perianth-whorl, which is sepaloid, is often coherent at the base ; 
the inner whorl is petaloid, white or violet. 


Butomus umbellatus (the Flowering Rush) (Fig. 168 4,169). The flowers, 
which have violet petals, have the following formula K3 C3 43? + 3, @3+3; they 
are arranged in an umbellate helicoid cyme at the apex of the scape which is 
about 8 feet high; this and the leaves, which are of about the same length, 
spring from an underground rhizome. The ovules, which are numerous, are 
borne on the inner surface of the carpels (v. Fig. 148 C). 

Alisma plantago (Water Plantain Fig.168 B), has the floral formula K3 C3 A3? 
+0, G “; the numerous, monomerous, one-seeded ovaries are crowded on the 
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broad receptacle. The main axis of the inflorescence bears whorls of branches 
which have a helicoid ramification. It is rather common in damp spots. 

Sagittaria sagittefolia (the 
Arrowhead) with the floral for- 
mula K3 C3, ¢ A0, 2 Gow, 
is moneecious. The flowers are 
disposed in trimerous whorls, 
the male in the upper and the 
female in the lower whorls. 
The ovaries, which are very 
numerous and one-seeded, are 
inserted on a fleshy receptacle. 
Only the sagittate leaves and 
the inflorescence appear above 
the water. 


63a 


& 
Sa 


ORDER 3. 
HYDROCHARIDEZ. 


Fia. shhh umbellatus, A, Hower (nat. size). The flowers have a peri- 
B. Gynecium (mag.); 2, stigmas. J. Diagram: 9p, p, 
perianth; f, stamens of the outer whorl reduplicate ; anth, and usually conform 


J’, stamens of the inner whorl; c, outer, and c’, inner to the monocotyledonous 
whorl of carpels (after Sachs), type, but Si multipli- 
cation in the andreecium and gynecium; ovary inferior: formula, 
K3 03 A383 +3 +,G 64.) The flowers are usually diclinous ; the 
female flowers have staminodia; the male flowers have no gyncecium 
but an increased number of whorls in the andreecium. ‘The seed has 


no endosperm. Water-plants. 


Fam. 1. Hyprittem, Ovary unilocular. Stem elongated, with 


whorls of small leaves. ) 
Elodea canadensis came originally from North America and has spread in our 
waters so as even to impede navigation in canals. 


Fam. 2. VALLISNERIEZ Ovary unilocular. Stem short with 
crowded leaves. 

Vallisneria spiralis inhabits the lakes and ditches of the warmer parts of Europe. 
The leaves are long, narrow, and linear. The female flowers are raised above 
water on long peduncles; the male inflorescences break away from their 
peduncles and float about on the water to fertilise the female flowers; the fruit 
ripens under water. 


Fam. 3. SrravTioTmE%. Ovary 6- (or more) chambered. Stem 
short with crowded leaves. 
Stratiotes aloides (Water Soldier) has stiff narrowleaves. Hydrocharis Morsus 


Rane (Frog’s bit) is dicecious ; the plant is small and floats on the water, with 
small roundly-cordate leaves. 


-171 a). The upper part of the spadix 
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Serres IL.—MICRANTH. 
OrpER 4.—SPADICIFLOR. 


The flowers are small and numerous, the inflorescence a spadix or a 
panicle with thick branches, commonly enclosed in greatly developed 
bract, the spathe. The bracteoles of the individual flowers are frequently 
wanting. ‘The perianth is always inconspicuous, never petaloid, and 
sometimes wholly wanting ; the flowers are usually diclinous, but both 
sexes usually occur in the same inflorescence; the ovary is always 
superior. The seeds have a large endosperm: the embryo is straight 
and minute. 

Fam. 1. Arormes. The flowers are arranged on a spadix: they 
are devoid of bracteoles, but are usually enclosed in a spathe. 
In many of the genera the flowers are complete and conform to the 
monocotyledonous type, Kn Cn An +n, G("), where n may stand for 
3, 2 or 5, as in Acorus (Fig. 170) where the flowers are exactly typical. 

In other genera, however, the flowers 
are reduced in various ways and degrees; 
not only does the perianth disappear, 
but the number of the stamens and 
carpels is frequently diminished. An 
extreme case is offered by those dicli- 
nous flowers of which the male consists 
of only a single stamen, and the female 
of only one monomerous ovary. These jy... 379—mower of 
much reduced flowers are disposed in Acorus Calamus (mag.): 
regular order on the spadix; thus in ena aan 
Arum (Fig. 171) the numerous female ovary. 
flowers, consisting each of one ovary 
(Fig. 171 /), are inserted on the base of 
the spadix, and the male flowers, each Fic. 171.—Spadix of Arum macula- 
consisting merely of a few stamens, are tum (mat. size): f, female; a, male; 


closely packed higher up on it (Fig. and 0, rudimentary flowers; c, the 
C ©" upper club-shaped end of the spadix. 


is covered with rudimentary flowers (b, c). When, as in this case, the 
perianth of the true flowers is wholly wanting, the whole inflorescence 
may assume the aspect of a single flower ; but irrespectively of the 
numerous intermediate forms which are to be found, such a view is 
untenable when it is borne in mind that here the ovaries are invari- 
ably situated be'ow the stamens while in a flower they are invariably 
above them. 
14 
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The sub-order Pistiacew, to which Pistia Stratiotes, a tropical 
water-plant belongs, is characterised by having the flowers on the 
spadix reduced to two, one male flower, and one female flower con- 
sisting of a single carpel; the spadix and spathe are adherent. It 
appears highly probable that the Lemnaces, mentioned above, are in 
fact very simple forms of this family. 

The fruit is usually a berry. 

The stem may be underground, a tuber, or a rhizome, or it may be 
acrial ; in the latter case they often climb, clinging to trees by means 
of aérial roots. The leaves are either alternate and distichous or, more 
often, spiral with a divergence of 2. They are rarely narrow, linear, 
or ensiform, and commonly consist of sheath, petiole and blade ; the 
venation is reticulated and the leaf often exhibits a more or less. 
complicated segmentation. 

Acorus Calamus, originally a native of Asia, is now rather common in pools, &c. 
The underground rhizome bears long ensiform leaves and a triangular scape bearing 
a terminal spadix which, however, is pushed on one side by the spathe which is 
long and narrow, and appears as a prolongation of the stalk. The spadix is closely 
covered with perfect flowers (Fig. 170). Arwm maculatum is common in woods 
and hedge-rows ; the large green spathe completely envelops the spadix (Fig. 171). 
Richardia ethiopica is a cultivated plant well known under the name of Calla. or 


Colocasia ; it has a large white funnel-shaped spathe. The species of Philoden- 
dron have climbing stems and large leaves which are frequently perforated. 


Fam. 2. Panpanex#. Flowers dicwcious; the female flowers each; 
consist of a single unilocular ovary ; they are closely crowded on the. 
spadix which becomes a spurious fruit. 


Pandanus utilis and other species form thickets in the tropics particularly on 
the banks of rivers. The straight woody stems, which subsequently branch, give 
off numerous strong roots which attach them to the soil, and bear crowns of large 
narrow linear leaves, the margins of which are frequently set with sharp spinous 
teeth. The tough fibro-vascular bundles are used for the manufacture of fabrics. 


Fam. 3. Patmaz. The flowers are dicecious or moneecious, rarely 
hermaphrodite or polygamous, and they generally conform to the type 
K3 C3 A3 + 3, G; in rare instances a larger or a smaller number 
of stamens are present. The carpels, in rare cases only two or one, 
form a monomerous or a polymerous ovary of from one to three loculi. 
The perianth is inconspicuous. The flowers are inserted with or 
without bracteoles on a spadix or on the thick axis of a spicate or 
paniculate inflorescence (Fig. 172). 

Their mode of growth is somewhat various. Most Palms bear their 
leaves closely arranged in a crown at the top of a tall or of a quite. 
short stem, which is clothed for some distance below its apex with 
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the remains of the older withered leaves. But in some genera, e.g., 


Calamus, the stems creep or climb and the leaves are inserted at some 
distance from each other. The blade of the leaf commonly splits in 
the course of its growth, assuming a palmate or pinnate form. . 

Palms chiefly inhabit the tropics, particularly the Moluccas, Brazil, 
and the region of the Orinoco. 

Phenix dactylifera (the Date Palm), a native of Asia and 
Africa, has pinnatifid leaves. Of the three ovaries, one only 
developes to form the fruit which is known as the date ; the 
stone of the date consists of a very thin testa enclosing the 
large mass of endosperm in which the embryo is imbedded. 
Cocos nucifera (the Cocoa-nut Palm) has, as is well known, 
many uses. The fruit itselfis a gigantic drupaceous fruit; the 
mesocarp is traversed by an immense number of fibro- 
vascular bundles, which are used to make ropes, &c. 
Inside the excessively hard wall of the fruit itself, the endo- 
carp, lies a single large seed. When the fruit is mature, the 
endosperm forms a layer only a few millimetres in thickness, 
which lines the hard shell; the rest of the space is filled 

: : ‘ : Fic, 172.— Part of the 
with fluid, known as cocoa-nut milk. The embryo, which ,.. 1, pati diab on CRA. 
is small, is imbedded in the firm tissue of the endosperm yedorea: s, the thick 
under the spot where there is a hole in the endocarp. axis; a, the external; 
Sagus Rumphii, belonging to the Moluccas, yields Sago, 224d p, the internal 
which is in fact the starchy parenchyma of the stem. yaaiaess aye pene: 
Elais guineensis is the Oil-Palm of West Africa; the rrr ts 2) 
mesocarp of the plum-like fruit yields the oil. The stems of various species of 
Calamus constitute the so-called Spanish cane. The large and very hard endo- 
sperm, with much-thickened cell-membranes, of Phytelephas macrocarpa is used 
in turnery, and is known as vegetable ivory. Chamcerops humilis, the Fan-Palm; 
is found in Southern Europe and Northern Africa. Livistona australis is fre- 
quently cultivated for the sake of its graceful, fan-like, palmatifid leaves. 


Fam. 4. Cycnantnem. Plants of a palm-like habit in Southern 
and Central Amezica; the flowers are disposed on the spadix in 
regular whorls. 

The leaves of Carludovica palmata are applied to various purposes, e.g., 
Panama hats are woven of them. 

Fam. 5. TypHacem. Flowers diclinous, the perianth represented 
only by scales or hairs. Stamens 1-6. Ovary monomerous containing 
one ovule. Inflorescence a spadix, without a spathe, elongated or 
compact: the flowers divided according to sex. 


In Sparganium the inflorescences are spherical spikes, which are borne termin- 
ally and laterally in two rows on the upper part of the stem. The lower spikes 
bear only female and the upper only male flowers ; the perianth consists of scales. 
Sparganium simplex, ramosum, &c., are not rare in ditches. 

Typha (the Bullrush) bears its flowers in a long terminal spadix ; the malo~ 
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flowers are borne at the upper and thinner portion directly on the main axis ; 
on the lower and thicker portion are borne the female flowers, which grow partly 
on the main axis and partly on very short lateral shoots ; the perianth is replaced 
by long hairs. Typha angustifolia and latifolia are common in bogs and wet 
places. 


OrpER 5.—GLUMACEZ 


The flowers are disposed in spikes or panicles generally enclosed in 
scaly bracts, and may be referred to the formula A3 C3 A3 + 3, G3. 
The perianth is either wanting or it is rudimentary. Androecium 
and gyncecium have frequently a reduced number of members. The 
seeds are abundantly furnished with mealy endosperm.—Grasses and 
grass-like plants. 

Fam. 1. Graminp&. ‘True Grasses. The leaves are alternate on the 
stem, which is known as the haulm ; the embryo lies on the side of 


° 4 the — endosperm 
(Fig. 173). The 
flowers are usually 

V) referable to the 
formula KO C2 


A3+0,G"; they 
Fic. 173.—Diagrams of Grass-flowers. A. Bambusa. B. Common are enclosed by 

type of Graminez. C. Nardus. bracts here termed 
palee, and are arranged in complicated inflorescences ; the perianth- 
leaves assume the form of small scales, 
lodicules ; the unilocular ovary con- 
tains only one ovule ; the grain is the 
fruit, a caryopsis, to which the two 
pales sometimes adhere, e.g., Barley 
and Oats. . 

A flower of this composition is sessile 
in the axil of a bract, which is termed 
the inferior or outer palea (Fig. 174 b,, 
b,...), and there is also a bracteole be- 
‘ neath the perianth which is termed the 

Fic. 174.—A spikelet of Wheat dissectea Superior or inner palea. The two pales 
(mag.): z, axis of the spikelet; g.glumes; gompletely enclose the flower. Usually 
67. 69 the inferior palez bearing (gr) the 3 
awn. By Bo, the flowers raised from tWO or more flowers which are thus 
the axis out of the axils of the superior enclosed by the paleze are present on 
Prey Go tee an axis (x Fig. 174) and constitute the 
spikelet of the Grass, and beneath the lowest flower there are usually 
two more bracts which bear small sterile flowers in their axils and 
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~ which are known as the glumes (Fig. 174 g). Thus a spikelet consists 


of an axis bearing two rows of bracts of which the two first and lowest 
are barren, while the succeeding ones bear each a flower in its axil, 
and beneath each flower there is also a bracteole or palea belonging to the 
floral axis itself. The inferior palez often have, either at the apex or 
else borne on the midrib, a spinous process called the arista or awn 
(Fig. 174 gr). . 

The number of flowers in each spikelet varies according to the 
genus ; often there is but one, the lowest, with rudiments of others 
above it; if, however, only one of the upper flowers is developed, so 
that the lower palez bear no 
flowers in their axils, they are 
regarded as glumes, several 
being therefore present in sucha 
case. The spikelets themselves 
are in many genera, e.g., Rye 
and Wheat (Fig. 175 3B), 
arranged in two rows on a _ 
main axis; the inflorescence SS 
may then be designated an 5 “A 
spike; in most of the other 
genera the main axis of the 
inflorescence bearslateral bran- 
ches which are slender, of i 
various length, and often 7 
branched again, and which 
bear the terminal spikelets ; | 
in this way a panicle is formed, AQ 
as in the Oat (Fig. 175 A). Fia. 175.—-A. Panicle of Oat, Avena sativa ; 
This may eae 8, main axis; s’, lateral axes; a, spikelet (% nat: 


size. B. Spike of Wheat: s, axis; g, the grooves 
spreading with long lateral in which the spikelets (a) lie. These are removed 


eke ah cic (Fig. 175 A), a at the lower part. 


compressed, with very short branches, e.g., Alopecurus. 

The stem is usually tall and the long internodes are hollow ; the 
sheath of the leaf is largely developed and frequently extends over | 
several internodes. A membranous ligula is often found at the junc- 
tion of sheath and lamina (wv. p. 9, Fig. 8 A). 


The Grasses are classified as follows :— 


Group I. Panicoidee. More than two glumes present: that is to say, that 
the lower palex have no flowers in their axils. 
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Family 1. Oryzee. Glumes four, often represented only by bristles. Oryza 
sativa, is the Rice-plant—from the East Indies ; cultivated in marshy regions of 
Southern Europe. 

Family 2. Phalaridee. Glumes four, the inner pair being smaller. Phalaris 
arundinacea is common on the banks of streams, etc.: a variety with white- 
streaked leaves is cultivated in gardens. Anthoxanthuwm odoratum, Vernal Grass, 
which has only two stamens and a paniculate inflorescence, is common in meadows : 
it gives the peculiar odour to fresh hay. 


Family 8. Andropogonee. Glumes three, of which the lowest is the largest. 
Zea Mais, the Maize Plant, is cultivated in warm countries; its flowers are 
moncecious : the male flowers form a loose panicle at the apex of the haulm, and 
the female flowers are borne laterally on a thick spadix, which is ensheathed by 
leaves. Saccharwm officinarwm, the Sugar-cane, is a native of the Kast Indies. 


Family 4. Panicee. Glumes three, of which the lowest is the smallest. 
Many species of Panicum occur, especially on ploughed land: the spikelets are 
arranged in compound racemose ears. 


Group II. Powoidee. Only two glumes present : in the single flowered spike- 
lets the upper flowers are abortive. 


Family 5. Chloridece. Spikelets one-flowered, in compound spikes. -Oynodon 
Dactylon, is often abundant on waste ground. 

Family 6. Stipe. Spikelets one-flowered, cylindrical or flattened posteriorly : 
in panicles. Stipa pennata has a long hairy awn. Miliwm effusum, without an 
awn, is common in woods. 

Family 7. Agrostidece. Spikelets one- Howered, flattened laterally ; arrangement 
various : 

(a. ) in loose panicles ; in Agrostis the axis of the spikelet is glabrous, or it bears 
short hairs ; A. vulgaris and stolonifera are common in meadows and woods: A. 
Spica venti, is common in fields ;—in Calamagrostis, many species of which occur 
on the banks of rivers and woods, the axis of the spikelet is covered with long 
hairs. 

(b.) in dense panicles: Alopecurus (Foxtail Grass), with the glumes coherent 
at the base, and with only rudimentary paler: Phleum, Cat’s-tail Grass, with 
free glumes and distinct palez : both common in Meadows, 

(c.) in simple spikes : Nardus stricta, the Mat-weed ; the glumes are either 
inconspicuous or absent ; a single stigma ;* the haulms and leaves are reny rough ; 
common in marshy meadow s and on poor soil. ; 

Family 8. Avenacew. The spikelets consist of several (usually two) flowers ; 
the glumes (or one of them at least) are as long as the whole spikelet : Avena, the 
Oat, has loose panicles, and two-toothed inferior palez : of this genus there are 
many species; A. elatior, patescens, florescens, are common in meadows. The 
following species are cultivated :—A. sativa, with its panicles in various planes ; 
A, orientalis, with its panicles in one plane ; 4. strigosa, with a hairy floral axis, 
and A. nuda, the spikelets of which usually consist of three flowers. Aira 
cespitosa and flecwosa have truncate inferior pale, and are common in meadows 
and woods. Holcus, the Honey-grass, has spikelets-consisting of two flowers, 
‘the upper or which is usually male, and the leaf-sheaths are covered with silky 
hairs ; it is common in damp meadows. 


‘ 


GROUP IV.—PHANEROGAMS, 215 


Family 9. Arundinee. The spikelets are many-flowered: the glumes are 
shorter than the spikelets; the axis of the spikelet is covered with silky hairs. 
Phragmites communis, the Reed, is common on the banks of ponds, ete. Molinia 
cerulea has a very long haulm, consisting for the most part of a single internode ; 
it is common in woods. 


Family 10. Festucaceew. The spikelets are usually many-flowered, and the 
glumes shorter than the lowest inferior palea. Melica, the Pearl-Grass, has some- 
times spikelets consisting of a single flower only ; the glumes are long ; it is com- 
mon in woods. Briza, the Quaking-Grass, has spikelets which are compressed 
laterally and are cordate at the base ; it is common in meadows. Koeleria cristata 
has dense panicles; it is common in dry meadows. Dactylis glomerata, the 
Cock’s-foot Grass, has dense panicles divided into parts which have longer stalks ; 
it is common in meadows. Poa pratensis, trivialis, etc., are common in meadows ; 
their spikelets are compressed laterally ; the glumes have a sharp keel ; P. annwa 
is common by the roadside. Jestuca elatior, and others, the Fescue Grasses, are 
common in meadows. Bromus, of which there are several species, is common in 
fields (B. secatinws), in meadows (B. mollis and others), by the roadside (B. 
sterilis, tectorum). Brachypodium has very shortly stalked spikelets arranged in 
a spike : common in woods and hay-meadows. 


Family 11. Hordeacee. The spikelets are situated in depressions on the main 
floral axis, forming the so-called spike. In Lolium, the Rye Grass (ZL. perenne 
is common everywhere), the posterior surface (that is the middle line of 
the posterier glume) is directed towards the main axis, and this glume is usually 
rudimentary. In all the other genera the side of the spikelet is directed towards 
the main axis. Secale cereale, the Rye, has two-flowered spikelets and narrow 
awl-shaped glumes. Triticum, the Wheat, has three or more flowered spikelets, 
with ovate glumes: 7’. repens, the Twitch, is common everywhere ; its spreading 
rhizome makes it a troublesome weed. The following species are cultivated ; 7’. 
vulgare, the common Wheat, with long glumes, which have no keel, and 7’. turgi- 
dum, English Wheat, with short keeled glumes ; both these forms have a wiry 
floral axis, and the fruit easily falls out of the glumes: 7. Spelta, the Spelt, 
which has an almost quadrangular spike, and 7. dicoccwm, with a compact 
spike, have a brittle floral axis, and the fruit is firmly enclosed by the glumes. 
In all the species the length of the awn varies very much. Hordeum, the Barley, 
has three single-flowered spikelets inserted together in one depression on the 
floral axis. H. murinum, is common on the roadside and on walls. The follow- 
ing species are cultivated: H. vulgare and H. hexastichum, with only fertile 
spikelets ; in the latter species the spikelets are all equally distant, and are 
therefore arranged in six rows ; in the former species the median spikelets are 
nearer together, and the lateral ones more distant, so that they are described as 
being in four rows: further, H. distichum is the two-rowed Barley, the lateral 
spikelets of which are male, so that the fruits are arranged in two rows. The fruit 
usually adheres to the glumes. 


Fam. 2. Cyperace®, or the Sedges. The leaves are arranged in three 
rows on the stem ; the embryo is enclosed in the endosperm. 

(a). Scirpee ; the hermaphrodite flowers form a spikelet and are 
situated in the axils of spirally arranged or distichous bracts 
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without any bracteoles. These spikelets are often arranged so as to 
form spikes, panicles, umbels, or capitula ; the flower has the formula 
K3 03 A3 + 0 or 3, G®. The leaves of the perianth are usually 
bristle-like (Fig. 176); in Erio- 
phorum they are replaced by a 
number of hairs, or they are alto- 
gether wanting. Only the outer 
whorl of stamens is usually present. 


Scirpus, the Rush, has a bristly 
perianth ; in some species the spikelets 
are solitary, as in Scirpus coespitosus, in 
others there are lateral spikelets in 
addition on short stalks, as in S. lacus- 
tris, or on long stalks, asin S. sylvaticus. 
Eriophorum augustifolium, latifoliwum, and others are common on moors; the 
hairs of the perianth, after flowering, grow to a considerable length. Cyperus 
Juscus is common in damp spots. Capers Papyrus is an Sey pia species, from 
which the Papyrus of the ancients was made. 


Fic. 176.—Flower of Scirpus (magnified): 
p, the bristly perianth ; a, the three stamens ; 
J, the ovary. B. Its floral diagram. 


(b). The Caricee have diclinous 
flowers with this peculiarity, that the 
male and female flowers differ in their 
structure. The male flowers have the 
formula, KO CU A3 + 0, GO; they 
are situated in the axils of bracts (Fig. 
177 B and WD) and form simple 
spikes. The female flowers have the 
formula KO CO AO + 0, G® or & and 
are not sessile in the axis of the 
bracts (b in. Fig. 177 A and (C), 

Fic. 177.— Flower of Carex (mag.). but a short branch springs from the 
‘ me Piet aah “* oe axil of each of these leaves bearing a 
B. Male flower: st, the three stamens , single bracteole (s in Fig. 177) and it is 
a, anthers. C. Diagram of the female jn the axilof this bracteole that the female 
and (D) of the male flower: 7, axis of ‘ > 5 
the spike; 8, bract; s, bracteole. -, flower, which consists of a trimerous 

or morerarely dimerous ovary, issituated. 
The bracteole (s in Fig. 177 A and C) increases greatly and invests the 
fruit, forming the so-called wtriculus. 


The Genus Carex, the Sedge, contains numerous species which grow mostly in 
damp localities: they have stiff leaves with sharp or saw-like edges, but only a 
few of them are dicecious : in most the male and female inflorescences occur on 
the same axis. In one large section of them, the two sexes occur on the same 
spike which is either male at the base and fc male at the top, or vice-versa. When 
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this is the case the axis bears either only one terminal spike, as in Carex pulicaris 
and C. pauciflora, or several spikes forming a capitulum at the apex, as in C. 
eyperoides, or a panicle, as in C. arenaria, brizoides, muricala. In the second 
section on the other hand, each spike is unisexual, and then the male spike is 
almost always terminal on the axis and the female lateral, as in Carex acuta, 
glauca, precox, digitata, flava, and paludosa. 


OrvER 6.—ENANTIOBLAST A. 

The flowers have the formula K3 C3 A3 + 3, G3, though occasion- 
ally some of the members are absent: the ovules are not anatropous, 
as in most of the Monocotyledons, but orthotropous ; hence in the 
ripe seed the radicle of the embryo lies diametrically opposite to the 
hilum (comp. Fig. 130). 

The Restiacee, Eriocaulonee, and Centrolepidee are grass-like plants, with 
diclinous flowers, belonging to the tropics and to South Africa, The Xyridexw 


and Commelynacez are also tropical forms with a distinct corolla ; species of Con- 
melyna aud Tradescantia are cultivated as ornamental plants. 


Series IT].—COROLLIFLORZE. 
OrpER 7.—LILIIFLOR. 


Flowers usually conspicuous, solitary, or combined in various forms 
of inflorescence, having usually the formula K3 C3 A3 + 3, G (3) 
but sometimes with 2, 4, or 5. Suppression of a whole whorl is more 
frequent than that of separate members. The two whorls of the 
perianth are usually alike and petaloid, sometimes they are sepaloid, 
and in rare cases the outer one is sepaloid and the inner petaloid. 
The ovary may be superior or inferior; it is trimerous and generally 
trilocular. ‘The embryo is enclosed by the endosperm. 

A. Ovary superior. 

Fam. 1. Juncacen, K3 C3 A3 + 3, G®. Plants of a grass-like 
aspect ; they differ, however, from the preceding families in that they 
have a complete perianth and andreecium and anatropous ovules, and 
from the succeeding ones by the dry and glumaceous character of the 
perianth. The leaves are linear or tubular; the inflorescence is an 
anthela (see p. 202). 

The species of Luzula, which have a unilocular three-seeded ovary, multiflora, 
pilosa, campestris, and albida, are common in woods and on heaths. Juncus has 
a trilocular many-seeded ovary ; plants of this genus are often called rushes ; 
J. glaucus and effusus have a tubular stem and leaves, and a terminal inflorescence 


which is displaced laterally by a tubular bract which appears to be a prolongation 
of the stem ; they are common in wet fields ; J. bufonius, by waysides. 
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Fam, 2. Liniacen. K3 03 A3 + 3, G&; both whorls of the 
perianth are petaloid : the flowers are not zygomorphic. 


Sub-family I. MeLANTHACER, with a septicidal capsule. 


Tofieldia palustris has ensiform radical leaves; the flowers, which are pale-green, 
are disposed in a raceme on a scape; it occurs in the north of England, in wet 
places on mountains, but itisrare. Veratrum album and nigrum have broad ovate 
leaves. Colchicum autumnale is the Autumn Crocus : when it is flowering in the 
autumn the stem is underground ; it is at this time short and slender (Fig. 178 k') 
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Fic. 178.—The underground part of a flowering plant of Colchicum autumnale. A. Seen | 


in front ; k, the corm; s’, s”, cataphyllary leaves embracing the flower-stalk ; wh, its base, 
from which proceed the roots, w. B. Longitudinal section: h, h, a brown membrane which 
envelopes all the underground parts of the plant ; st, the flower and leaf-stalk of the previous 
year which has died down, its swollen basal portion (k) only remaining as a reservoir of food- 
materials for the new plant now in flower. The new plant is a lateral shoot from the base 
of the corm (k), consisting of the axis, from the base of which proceed the roots (w), and the 
middle part of which (k’) swells up in the next year into a corm, the old corm (k) disappear- 
ing ; the axis bears the sheath-leaves (s, s’, s’’) and the foliage-leaves (UV, 1”); the flowers (0, b’) 
are placed in the axils of the uppermost foliage-leaves, the axis itself terminating amongst 
the flowers (after Sachs). 


: 
j 
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attached laterally to the corm of the previous year’s growth (k) and bears a few 
imperfectly developed leaves (I! 1!') as well as one or two flowers (b! b!!): the 
ovaries of the flowers are also subterranean ; the six leaves of the perianth cohere 
and form a tube of some centimetres in length which grows far beyond the ovaries 
and above the surface of the soil, terminating in a petaloid six-partite limb ; 
the stamens are attached in the upper portion of the tube. In the spring the 
underground stem swells at its base (k') into a corm, and grows upwards, so that 
the developing leaves (1! 1'') and the capsule rise above ground ; a lateral shoot is 
formed at its base, which, in the autumn, produces flowers, and this repeats the 
process, 

Sub-family 2. Litre, with a loculicidal capsule. 

In a number of genera the six leaves forming the perianth cohere and forma tube 
which ends in six more or less deeply cut segments 
(Fig. 179): ¢g., Hyacinthus orientalis, the stem of 
which is an underground bulb (Fig. 14 B). Aloé has 
thick fleshy leaves ; some species, as Aloé soccotrina, have 
a strong woody stem, and are shrubs, or almost trees. 

There are also some among the very numerous genera, 
in which the leaves of the perianth are distinct or 
cohere only for a very short distance from the base, 
which are of an arborescent habit; for instance, the 44 479 mower of the 
species of Yucca, which are indigenous to Central yacinth: a, a, a, the three 
America. The others have underground rhizomes or outer ; i, i, i, the three inner 
bulbs. These bulbs (see § 5 and Fig. 14 B) are, segments of the perianth, 
-in fact, much shortened stems, covered with closely- Min Pa ee 

ower part (nat. size). 

packed cataphyllary leaves which are usually termed 

scales: so long as they are young, and not very vigorous, they send up only 
foliage leaves, which appear, year by year, above the ground, but in the course 
of years the axis itself of the bulb elongates and bears a terminal inflorescence. 
After the flowering is over, this axis dies down, and a lateral shoot is formed in 
the axil of one of the scales which may either become a new bulb, or it may at once 
develope into a flowering axis, the lowest cataphyllary leaves of which are bulb- 
scales. Phormium tenax (the New Zealand Flax) has ensiform leaves, about three 
feet in length, springing from the rhizome ; their strong bast-fibres ave used for 
various purposes. Liliwm candidwm is the white Lily. JL. bulbiferum, the Tiger 
Lily, which produces bulbils in the axils of the upper leaves, and L. Martagon 
the Turk’s cap Lily, have bulbs. ritillaria imperialis is the Crown Imperial 
the flowers of which are surmounted by a crown of leaves. TZulipa Gesneriana 
is the Tulip. Scilla maritima has a bulb which is not subterranean. Of Allium, 
several species are in cultivation for culinary purposes, as 4, Cepa, the Onion ; 
A. ascalonicum, the Shalot; A. Schoenoprasum, Chives; A. porrwm, the com- 
mon Leek ; A. sativum, Garlic. The leaves of the various species of Allium are 
generally tubular and hollow ; the flowers are disposed in spherical heads or 
umbels ; bulbils are occasionally produced among the flowers. 


Sub-family 3. AspARAGINEH. The fruit isa berry. 

Dracena Draco, the Dragon tree, has a stem which continues to increase in thick- 
ness ; it is a native of the Canary Isles. Asparagus officinalis, is the Asparagus ; 
the young shoots, which spring from the underground rhizome, are eaten. Com- 
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vallaria majalis is the Lily of the Valley. Maianthenvwm bifolium has a dimerous 

flower. The species of Smilax are creeping shrubs, the leaves of which have re- 
ticulated venation. Ruscus aculeatus (the 
Butcher's Broom), and other species are 
small shrubs, with leaf-like branches (phyl- 
loclades), on which the diclinous flowers are 
borne in the axils of minute leaves. Paris 
quadrifolia (Herb Paris) is poisonous : the 
flowers tetramerous, or exceptionally tri- 
merous or pentamerous ; they are terminal, 
and the stem beneath bears 4 (or 3 or 5) leaves 

in a whorl beneath the flower (Fig. 180). 


Fam. 3. PonTEDERIACER. Water 
plants of tropical America, with a 


Fic. 180.—Diagram of the flower of ZY gomorphic petaloid perianth. 
Paris quadrifolia; l, the foliage-leaves ; 
ap, the outer ; ip, the inner whorl of the 


perianth ; aa, outer; ia, inner whorl of Fam. 4. AMARYLLIDEZ. K3 C3 
cee eat A3 + $-or 1990 dee ee 
the whorls of the perianth are petaloid ; it is occasionally zygomorphic 
and narrowly funnel-shaped. The fruit usually a capsule, 


B. Ovary inferior : 


Alstreemeria has a leafy stem and the habit of the Lily. The other genera 
have a very short, sometimes bulbous stem, and a long florai axis. Amaryllis 
formosa is an ornamental plant, with large tubular funnel-shaped, unequally 
toothed flowers. Galanthus nivalis is the Snowdrop ; Lewcojum vernum, the Snow- 
flake. Narcissus pseudo-Narcissus, pocticus, and other species are favourite 
garden plants. The ligule of the six segments of the perianth cohere to form the 
tubular corona. Agave americana, commonly known as the false Aloe, is a native 
of Mexico, but has been naturalised in Southern Europe. The short stem bears 
a large rosette of very thick and prickly leaves ; when it has attained a sufficient 
vigour—in Southern Europe, after from 10 to 20 years—it throws up an axis of 
some yards in length, which branches very much, and bears a large number of 
flowers, which are arranged somewhat in the form of a pyramid. 


Fam 5. Irnipem. K3 C3 A3 + 0, Gg. The perianth is petaloid, 
and sometimes zygomorphic ; the fruit is a capsule. 


Iris (the Flag) has a horizontal underground rhizome, which throws up 
leaves which are expanded in their median plane, and scapes which bear the 
flowers. The stigmas assume a petaloid aspect, and by their concave outer 
surfaces cover over the stamens which are opposite to and below them (Fig. 181). 

Iris pumiia, germanica, and others are favourite garden plants. J. pseuda- 
corus is common in ditches. Gladiolus has an underground bulbous stem and a 
tall many-flowered scape ; the flowers are usually zygomorphic ; G. communis is 
frequently cultivated : G. paluster occurs on moors. Crocus, from which saffron 
is obtained, has an underground corm, from which grows a very short under- 
ground stem ; this bears the leaves which rise above the ground, and terminates 
in a flower, the ovary of which is subterranean : the tube of the perianth spreads 


GROUP IV.—PHANEROGAMS. ya 


out above the ground into a six-partite limb, at the base of which the three 
stamens are inserted. 

Fam. 6. Taccacem. K3 
C3 A3 +3, Gi. The ovary is 
unilocular and many-seeded. 
They are tropical herbs, and 
the leaves which spring from 
the subterranean rhizome 
have reticulated venation. 


Fam. 7. Dioscorez. K3 
C3 A3 + 3, Gis. The ovary is 
trilocular, with one or two 
ovules in each loculus. The 
flowers are dicecious. They 
are climbing plants, with large 
above or underground tubers, 
and usually triangular leaves, 
with reticulate venation. 


Dioscorea sativa (Batatas) and 
others, known as Yams, are largely 
cultivated in the tropics as a food i ff 
rich in starch. cy 

S 


i, 


Fam. 8. BROMELIACES. Fic. 181.— Diagram of ‘the flower of Iris, and view 
nots? AS + 3, G(3). The of the same after the removal of the perianth: s, 


< : : : peduncle; /, inferior ovary; r, tubular portion of 
Ovary 1S Superior, inferior, Or the perianth ; pa, the insertion of the outer, pi, of the 
semi - inferior. The outer inner leaves of the perianth ; st, stamens ; a, anther ; 
n, n, n, the three petaloid stigmas (nat. size). 


whorl of the perianth sepa- 
loid, the inner petaloid. The leaves are usually long and narrow, 
sharply serrate ; the stem is generally very short. The flowers are 
hermaphrodite, and form spikes or panicles with bracts. 


Ananassa sativa (Ananas, Pine-apple). The fruit is a berry, and the berries of 
each inflorescence coalesce into a spurious fruit (sorosis), above which the axis 
of the inflorescence extends and bears a crown of leaves. In a state of cultivation 
the berries contain no seeds. It is a native of America, and is cultivated in all 
warm countries and in hot-houses. 


OrpDER 8.—SCITAMINEA. 


The flowers are zygomorphic or asymmetrical :\/K3 C3 43 + 3, 
G j, occasionally with a great reduction in the andreecium. Perianth 
wholly petaloid, or the outer whorl may be sepaloid ; ovary inferior, 
trilocular. Fruit, a capsule or a berry. No endosperm but abundant 
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perisperm.. They are tall. herbaceous plants ; the leaves are large and 
have pinnate venation. | 


Fam. 1. Musacem.\/K3 C3 A3 + 2, Go. Perianth petaloid, ir- 
regular ; the anterior external member is usually very large, and the - 
posterior always very small ; in Musa the five anterior members of the 
perianth are connate, forming a tube which is open posteriorly : the 
posterior stamen is sterile or absent and the others are not always 
fertile. The sub-family of Heliconiee differs from this type in the 
structure of the flower. They are all shrubs of colossal growth with 
enormously long leaves: the flowers are usually arranged in spicate 
inflorescences in the axils of large and often coloured bracts ; some- 
times several flowers spring from the axil of one bract. 

Musa paradisiaca (Pisang) M. Sapientiwm (Banana) and MZ. Ensete are natives 
of the tropics of the old world ; the two former are now distributed throughout 
America and applied to a great variety of purposes ; the fruit, which is of the 
nature of a berry, is an article of food, and the fibro-vascular bundles are used for 
making textile fabrics. 


a — 
Fic, 1§2.—Diagram of flower of Musa. Fic. 183.—Diagram of the flower of Zingi- 
beraceze, A. Hedychium. B. Alpinia. 


Fam. 2. Ziverperacek. \/K3’ C3 At 3 +142, G5. Perianth 
zygomorphic. The three outer staminodes are connate, forming a leaf- 
like three-lobed body, the Jabellum, the anterior median lobe being 
much the largest. Of the inner whorl of stamens the posterior alone 
bears a perfect anther, the other two being transformed into small 
glandular bodies. ‘The flower of Alpinia (Fig. 183 B) differs some- 
what from this type in its structure. 


The starch which is prepared from the rhizome of Curcuma angustifolia aud 
leucorrhiza is known in commerce as East Indian arrowroot. 


Fam. 3. Cannaceaz.\/ K3 C3 Atl or 2+ 12, GG. The andre- 
cium is represented by a number of petaloid bodies of which one 
only, the posterior stamen of the inner whorl, bears a one-celled 
anther (Fig. 184 st an); of the staminodia one is larger than the 
others and is reflexed forming a Jabellum (Fig. 184 /); the narrow 
anes vary in number in the different species (Fig. 184 a and £). 
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Canna indica and other species are commonly grown as ornamental plants. 
Amylum Marante, the starchy meal prepared from the rhizome of Marants 
arundinacea, is true or West Indian arrowroot. 


Orper 9.—GYNANDRA. 


Flowers zygomorphic, reduced in 
the androecium which is adherent 
to the gynecium. Formula,\/ 3 
C3 Al + 2, Gj. Ovary inferior ; 
seeds very small without endosperm, 
theembryo aminute undifferentiated 
mass of tissue. 

Fam. 1. Orcuipex. The flowers 
of most of the genera have the 
formula,\/K3C03 A 1+ +t 2,45: 
those of Cypripedium, however, 
have the formula,\/K3 C3 A + 
1+2, Gz (Fig. 185 A B). In con- 
sequence of torsion of the ovary the 
flower is generally 80 placed that Fic. 184.—Flower of Canna indica (nat. 
the posterior side of the flower size): 4 inferior ovary; pa, the outer; pi, 
‘ ; CBE the inner whorl of the perianth; g, style ; 
instead of being uppermost, a3 1S sy the fertile stamen, with (an) the anther ; 
usually the case, comes to lie in- J, labellum; q and B, the two staminodia 
feriorly (resupinate). The twowhorls “* me: 
of the perianth are petaloid and zygomorphic. The posterior segment 
(petal) of the inner whorl, called the labellum (Fig. 186, see also Fig. 
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Fic. 185.— Diagram of Orchidaceous 
flowers. A. The usual type. 2B. Cypri- Fic. 186.-Flower of Orchis mascula (2x): 


pedium; the shaded stamens are stamin- J, the twisted ovary ; a, a, a, the three outer 
odia. perianth leaves ; i, i, two of the inner ; J, the 


third inner perianth leaf, the labellum, with 
(sp) the spur ; n, stigma; p, pollen-sacs. 


1557) is always larger than the others and varies greatly in form ; it 
frequently has a spur (Fig. 186 sp) or a sac-shaped cavity (Fig. 155). 
The filaments of the three stamens adhere to the three styles; they 
toyether form the gynostemium (Fig. 155 S, Fig. 188 B and C gs). 
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The fertile stamen bears a bilocular anther which, by the absorption 
of the septum often appears to be unilocular, and in rare cases is 
quadrilocular ; the other two members of the andrcecium are staminodia 
(Fig. 155 a) and sometimes are only represented as small tooth-like 
prominences (Fig. 186). In some genera the pollen-grains are separate 
from each other, in others they occur in groups of four (tetrads), and 
in the majority they are united into a mass which fills an entire 
pollen-sac (Fig. 186 p, 155 p). When the pollination takes place— 
always by the agency of insects—the two pollen-masses (pollinia) 
become attached to the proboscis of the insect by means of a sticky 
part of the stigma, the rostellum (Fig. 155 h), and are conveyed to 
another flower on the stigma of which they are deposited. In many 
foreign forms these arrangements for cross-fertilisation are much more 
complicated. The ovary is inferior and unilocular; it contains 
numerous anatropous parietal ovules. 

The indigenous species have underground rhizomes or tubers. Two 
tubers are usually present, the older one, which, at the time of flowering, 
becomes flaccid (Fig. 187 A and B, 1) throws up the flowering scape 
(Fig L87 s.) or, in young plants, a short underground stem which pro- 
duces only leaves above ground. At the upper end of this tuber 
another much firmer tuber is formed (Fig. 187, 2), bearing at its apex 


Fic. 187.—Tubers (A) of Orchis morio; B, of Gymnadenia conopsea: s, the peduncle; 1, this 
year’s tuber ; 2, next year’s tuber ; k, the bud ; 2# and w’, roots (nat. size), 


the bud of the next year’s stem (). The tuber is to be regarded as 
a lateral bud which coalesces with its first root (or more than one, 
Fig 187 B) and then increases in size. The lower end of an undivided 
tuber, as well as the ends of palmate tubers, has, in the young state 
at least, the same structure as the apex of a true root. 


. 
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_avis also is without chlorophyll, and lives on 
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Orchis Morio, and militaris have round or oval tubers (Fig. 187 4.), O. latifolia 
and incarnata have palmate tubers running out into roots (Fig. 187 B) ; they 


occur in damp meadows. Gymnadenia conopsea has long spikes of flowers and 


palmate tubers; it occurs in woods and on 
heaths. Ophrys myodes, apifera and aranifera 
have flowers resembling insects ; they occur, 
but are not common, on heaths and in pastures. 
Cephalanthera rubra, Epipactis latifolia, and 
others, have creeping rhizomes ; they are found 
in woods. Corallorrhiza innata has a coral- 
like, branched, underground rhizome, with no 
roots. Epipogon Gmelini has likewise no roots ; 
both these forms are devoid of chlorophyll, 
and grow on humus in forests. Neottia Nidus- 


humus in woods; it has a fleshy rhizome 
thickly beset with roots which grow in a tangled 
mass like a bird’s nest. Cypripediwm Calceo- 
lus, the Lady’s Slipper, grows in mountain- 
woods ; it has a creeping rhizome and broad = yg. 198 ower of Cypripedium 
ovate leaves ; the perianth is ofareddish-brown Cutecolus: p, p, the leaves of the peri- 
colour, except the labellum, which is yellow, anth have been cut away. A. Side 
and forms an inflated sac. The whole struc- View. 3. Back view. C. Front view ; 


: : : ovary ; gs, gynostemium ; a, a, the 
ture of the flower is unlike that above described 7 CY8'Y> 9% 890 Banh ae 
two fertile stamens; s, staminode ; n, 


as typical for most of the genera; the two stigma (after Sachs). 


stamens, which in other genera are reduced to 

staminodia, are fertile (Fig. 188, a, a, and comp. Fig. 185), and the anterior 
stamen, which in most cases is the only fertile one, is here a large staminode 
(Fig. 188 s). 

A still greater variety of forms is found among the tropical genera and species, 
which for the most part grow upon trees (epiphytic) and throw out large aérial 
roots. Vanilla planifolia and other species have a long pod-like fruit which is 
well-known for its perfume and flavour as Vanilla. Vanda, Oncidium, Phajus 
and other genera are extensively cultivated in hot houses for their beautiful and 
often fragrant flowers. 


Crass X.—DICOTYLEDONS. 


The embryo has two opposite cotyledons ; the endosperm is frequently 
absorbed before the seed is ripe. 

The ripe seed sometimes contains a large mass of endosperm and a 
small embryo, as in the Umbelliferee and Euphorbiacez ; frequently the 
embryo is relatively large and the endosperm occupies only a small 


‘space, as in the Labiate ; or, finally, the endosperm may be wholly 


wanting and then the embryo fills the whole cavity of the testa, as in 
the Horse-chestnut, the Leguminose, and the Composite. 
15 
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The embryo usually has distinct members, consisting of an axis 
and two opposite cotyledons ; in rare cases, e.g., Corydalis, only one 
cotyledon is present, or abnormally three may occur, as is occasionally 
the case in the Oak and Almond. The cotyledons usually constitute 
‘the greater portion of the embryo, as in the Leguminose (Fig. 189 
A c) and the Horse-chestnut where they are thick and fleshy. The 
stem (caulicle) bears at its apex above the cotyledons either a bud 
consisting of several leaves (plumule), as in Vicia (Fig. 189 Kn) or it 
is naked. In parasites and saprophytes which are devoid of chloro- 
phyll, and which have very small seeds, such as Pyrola and Orobanche, 
the embryo is quite undifferentiated ; it is simply a mass of tissue 
consisting of a small number of cells. 

On germination, after the testa is ruptured, the hypocotyledonary 
portion of the axis elongates so as to push the root out of the seed ; 
the root immediately begins to grow rapidly and attains a considerable 
length (Fig. 189 6 h) whilst the remainder of the embryo is still 


Fic. 189.-—Vicia Faba, the Bean. A. Seed with one of Fic. 190.--Seedling of the Maple 
the cotyledons removed ; ¢, the remaining cotyledon ; (nat. size): c, c, the cotyledons ; 
w, radicle ; kn, plumule; s, testa. B,Germinatingseed; kn, the plumule; de, the hypocoty- 
s, testa; 1, a portion of the testa torn away ; n, hilum; _ledonary portion of the axis; wv, 


st, petiole of one of the cotyledons ; k, curved portion primary root; h, root-hairs (the 
of the axis above the cotyledons; hc, the very short lower part is cut off). 
hypocotyledonary portion of the axis; h, the primary 

root; ws, its apex; kn, bud in the axil of one of the 

cotyledons. . 


pea es 
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contained in the seed. The cotyledons may either remain enclosed in 
the seed during the whole process of germination, and perish so soon 
as the nutritious substances contained in them have been absorbed by 
the plant (e.g., Horse-chestnut and Vicia, Fig. 189), their petioles at 
the same time elongating so that the plumule, which at first is bent 
inwards, is pushed out and subsequently becomes erect ; or, as is more 
generally the case, the cotytedons escape from the testa (Fig. 190), 
become green, and act as the first leaves of the young plant. 

The axis of the embryo frequently persists as the main axis of the 
plant which grows in length and produces numerous less vigorous 
lateral shoots ; but it often happens that some of these lateral branches 
subsequently grow as vigorously as the main axis; when this is the 
case and when also the lower and feebler shoots die off, a head, such 
as is common in forest-trees, is the result; in the case of shrubs 
vigorous branches are formed quite low down on the main stem. In 
many forest-trees the stem (trunk) and branches are sympodial, the 
uppermost lateral bud growing each year in the direction of the main 
axis which does not itself develope any further; besides these there 
are many and very various arrangements by means of which the hfe 
of the individual is transferred to new lateral shoots ; such as the forma- 
tion of rhizomes, runners, tubers, and sometimes of bulbs, on stems 
and roots. When the axis of the embryo continues to be the main axis 
of the plant the primary root also developes greatly, and forms a tap-root 
from which the lateral roots grow in acropetal succession ; in cases 
in which the growth in length of the tap-root is limited, numerous 


adventitious roots spring from its older portions; these may again 
give rise to lateral roots, and by a repetition of this process an elaborate 


root-system is formed. 

The fibrovascular bundles of the stem are almost always open and 
the growth in thickness of the stem is effected by the activity of the 
cambium-ring which is formed (v. § 26). In certain cases, there are, 
in addition to these fibrovascular bundles which together form a ring, 
other isolated bundles which traverse the stem longitudinally, as in 
Begonia and Aralia; even more complicated modification in the 
arrangement of the bundles occur in Piperaces, Sapindaceze, Menis- 


-permacese, Phytolacea, &c. 


The branching of the stem is invariably monopodial and almost 
always axillary. ‘Those cases in which, as for instance, in the racemes 
of the Cruciferz, the bracts are suppressed, are obviously not excep- 
tions to this rule. 

The leaves exhibit infinite variety both in their relative position and 
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in their form. The foliage-leaves almost always consist of petiole and 
blade ; sheaths which surround the stem are comparatively rare, but 
stipules on the contrary are very common. Branching or sub-division 
of the leaves is common and is frequently indicated by the incision of 
the margin. The venation of the leaves is characterised by the 
presence of a large number of veins which project on the under 
surface, except in thick fleshy leaves, and which frequently anasto- 
mose ; a midrib is almost always present giving off lateral branches 
to right and left. 

The flowers, when they are lateral, are usually furnished with two 
bracteoles : they differ very considerably in their structure and cannot 
be referred to any one type. The following are the principal forms : 

1. Ina considerable number the perianth and the andreecium are 
isomerous, consisting of four, five, or six members ; their arrangement 
is either spiral (2) or whorled, so that the stamens are always super- 
posed on the leaves of the perianth ; the latter are all similar and are 
sepaloid ; there is no corolla (Juliflore), Formula, P5 | 45, or Pn 
+n, 4n + n, where n = 2 or 3. 

A certain connection exists between flowers having this structure 
and those in which there is in addition an alternating corolla and a 
second whorl of stamens which are superposed on the petals, as in 
many Centrosperme. Formula, An Cn An + n, where n usually 
=2 iF 

2. In a second group, all the parts of the flower are arranged in a 
continuous spiral: the perianth may be simple, or a corolla may be 
developed in place of the external stamens; when this is the case it 
alternates with the calyx, provided that it is isomerous with it, as in 
the Polycarpice. With this type are connected by many intermediate 
forms those flowers in which the stamens are in whorls, and are much 
fewer in number ; their formula is An Cn An + n, where n usually 
= 5or4. This is the most common type of the structure of the 
flower ; it occurs in most Eleutheropetale and Gamopetale ; it may 
be modified either by the suppression of one (usually the inner) whorl 
of stamens, or by their multiplication, their branching, or their 
cohesion. 

3. Finally there remain the flowers with a simple perianth : they 
cannot be directly compared with either of the above types, and they 
must therefore be left unexplained for the present, and the relation- 
ships of their families must remain uncertain. These are the Mono- 
chlamydez and the Tricocce. | 
. he sub-divisions in which the Dicotyledons are arranged in the 
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following classification are especially characterised by the above- 
mentioned peculiarities in the structure of the flower. It is impossible, 
however, to draw sharp distinctions between the sub-divisions, the 
orders, and sometimes even between the families, for the position of a 
plant in the system depends not upon any one character, but upon the 
the aggregate of its characters. 


Sub-class I. Jutrrnor#. The flowers are always small and incon- 
spicuous, with a simple sepaloid perianth or without any perianth ; 
they are usually diclinous, and they are generally arranged in amenti- 
form, glomerulate, or spadiciform inflorescences, | 


Order 1. Piperine. 
2. Urticine. 
3. Amentacex. 


9 


9 


Sub-class II. Monocunamypea. The flowers have usually a simple 
perianth, but they are conspicuous and are not arranged in amentiform 
or similar inflorescences. The ovary is usually inferior. This sub- 
class consists of plants of doubtful affinity. ) 

Order 4. Serpentariez. 
5. Rhizanthee. 
6. Balanophorez. 
7. Santaline. 


? 
9 


9) 


Sub-class III. ELreurneroperataz. The perianth is rarely simple ; 
it usually consists of calyx and corolla, although the latter is suppressed 
in many cases. The petals are very seldom coherent. 


A. Tricocce. Flowers usually diclnous ; perianth usually simple, 
but sometimes consisting of calyx and corolla, and sometimes absent ; 
ovary superior and usually trilocular, with one or two anatropous and 
generally suspended ovules in each loculus ; seed containing endosperm. 


Order 8. Tricocce. 


B. Centrospermae. Flowers usually hermaphrodite ; perianth simple, 
or consisting of calyx and corolla ; ovary superior with a single central 
ovule or a central placenta ; seed containing endosperm, 

Order 9. Polygonine. 
,, 10. Caryophylline. 


©. Aphanocyclice. Flowers acyclic, hemicyclic, or cyclic ; perianth 
in some cases simple but usually consisting of calyx and corolla ; 
stamens nearly always more numerous than the segments of the 
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perianth, sometimes indefinite with a spiral arrangement, some- 
times multiplied, and rarely eucyclic with the perianth ; gynecium 
sometimes apocarpous; ovary nearly always superior, with usually 
parietal placentae. 
Order 11. Polycarpice. 

» 12. Cruciflore. 

5 13. Cistiflore. 

», 14. Columnifere. 


D, Eucyclice, Flowers mostly hypogynous, cyclic, 4- or 5-merous, 
having calyx and corolla and two whorls of stamens, the number of 
stamens in each being the same as that of the petals, rarely a larger 
number ; gynoecium syncarpous. 


Order 15, Gruinales. 
,» 16. Terebinthine. 
» 17. A’sculine. 
» 18. Franguline. 


FE. Caliciflore. Flowers almost always either perigynous or epigy- 
nous, cyclic, 4- or 5-merous, usually with calyx and corolla; the 
stamens are as numerous or twice as numerous as the petals, In one or 
several whorls ; gyncecium syncarpous or apocarpous. 


Order 19, Umbellifloree. 
» 20. Saxifragine. 
» 21. Passiflorine. 
» 22, Opuntine. 

» 23. Myrtifloree. 
» 24. Rosiflore. 

» 29. Leguminose. 
» 26. Thymeleine. 


Sub-class [V. GamopetaLm. ‘The perianth always consists of calyx 
and corolla, the latter being nearly always gamopetalous; the corolla 
is suppressed in a very few cases only. 


A. Isocarpee. The carpels are nearly always as numerous as the 
segments of the calyx and corolla ; ovary usually superior. 


Order 27. Primuline. 
» 28. Diospyrine. 
,, 29. Bicornes. 


B. Anisocarpee. These are usually only two median (or somewhat 
oblique) carpels. 
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1. Hypogyne : ovary superior. 
Order 30. Diandre. 
» ol. Contorte. 
» 2. Tubiflore. 
, oo Labiatiflore. 
2. Epigyne : ovary inferior. 
Order 34. Campanuline. 
» 30. Aggregate. 


Sus-Cuass L.—JULIFLOR. 


The flowers are always small and inconspicuous with a simple 
sepaloid perianth or without a perianth ; they are usually diclinous, 
and they are generally arranged in amentiform, glomerulate, or oe 
form inflorescences. 


Order 1. Prrerinz, 


The flowers are usually hermaphrodite, and they are arranged in a 
spike or a spadix, with bracts; perianth usually absent. Ovule or- 
thotropous, solitary, basal, or suspended ; in rare cases there are several 
parietal ovules. The embryo is small and lies imbedded in endo- 
sperm, in a depression of the abundant perisperm. 


Fam. 1. Pireracen. 
Ovary unilocular with 
a single orthotropous, 
erect, central ovule. The 
inflorescence is a long 
spadix with peltate sub- 
tending bracts (Fig. 
191 f, below) in the 
axils of which the 


flowers are situated. | 

a) . — Ps = oti ] ‘ < f 
The flower cons Fic. 191.— Part of the spa of Urtica urens, with a lea 
‘i ae ake only dix of Peperomia, with a (f), in the axil of which is 
of an ovary (I ig. 191 J flower: f (below), the sub- the branch (7m), at the base 
above) and Six, three, or tending bract; s, s, the two of which are the inflorescen- 
. stamens ; f (above), ovary ; k, ces (0), without any bracts 

sometimes two stamens ; surface of the spadix (mag.). (nat. size). 


the fruit is a berry. 


Fic. 192.—Part of the stem 


Piper nigrum is a climbing shrub belonging to the East Indies ; the unripe 
dried fruits are black pepper ; white pepper consists of the ripe fruits of the same 
plant, which, after maceration, are freed from their outer coat. 
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Order 2.—Urticin#. 


Flowers usually diclinous, in inflorescences of various forms: perianth 
usually present, simple, sepaloid, consisting of five or four (2 + 2) 
segments ; stamens opposite to the segments of the perianth excepting 
in the Platanee (Fam. 5); ovary superior, monomerous, unilocular, 
a second rudimentary carpel is usually present in the form of a second 
style ; ovule solitary, in different positions. Seed commonly contain- 
ing endosperm. The inflorescences in Fam, 1-3 are usually situated 
two together at the base of a modified shoot which springs from the 
axil of a leaf, and they are cymose (Fig. 192). The leaves are 
generally hirsute. 


Fam. 1. Urticez. Ovule central, orthotropous, erect. Seed contain- 
ing endosperm. They are mostly herbs or shrubs without milky juice 
and frequently provided with stinging-hairs. Flowers polygamous, 
moncecious or dicecious, in paniculate or glomerulate inflorescences. 


Urtica urens and dioica (Stinging-Nettles) are 
, “7 7 | known by the stinging hairs which are distributed 
Nv Xe hy { / over their whole surface: the two outer seg- 
ZOE ments of the perianth of the female flower are 
larger than the inner segments (Fig. 193 B). In 
the former species the male and female flowers 
Fic. 193.—A Male: B female ®te contained in the same panicle, and the floral 
flowers of the Stinging Nettle, axisis but feebly developed ; in the latter they are 
Urtica: p, perianth; a, stamen; on different plants, and the axis is well deve- 
n’, rudimentary ovary of the male Joped and bears leaves. Bohmeria nivea, a native 
flower ; ap, outer; ip, inner whorl oF China and Japan, bas strong bast fibres used 
of the perianth; n, stigma of the Z A ‘ 
female flower (mag.). for weaving the material known in England as 
Grass-cloth. Parictaria erecta, having polyga- 
mous flowers with a gamophyllous perianth, and destitute of stinging-hairs, 
occurs occasionally on walls, by roadsides, ete. 


Fam. 2. Morea. Ovule suspended, anatropous or campylotropous, 
more rarely basal and orthotropous : seed with or without endosperm ; 
the fruit is enveloped by the perianth which becomes fleshy, or by a 
fleshy floral axis. Trees and shrubs with milky juice, scattered leaves 
and deciduous stipules. 


Morus alba and nigra (Mulberry) come from Asia ; the flowers are disposed in 
short catkins ; the catkins are borne singly on shoots which, at the time of flower- 
ing, are still buds, and they contain flowers of one sex only (but the flowers are 
moneecious) ; the female flowers give rise, as ripening takes place, to a spurious 
fruit (sorosis), consisting of spurious drupes formed by the perianths. The leaves, 
particularly of the former species, are the food of the silk-worm. Broussonetia 
papyriferia (Paper Mulberry) has flowers like the preceding, but they are dicecious. 
‘he bark is made into paper in China and Jepan. Maclura tinctoria, in Central 
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America, yields Fustic, a dye. Ficus Carica, is the Fig-tree of Southern Europe ; the 
fig itself (termed a syconus) is the deeply concave axis of the inflorescence, on the in- 
ner surface of which the flowers and subsequently the fruits, 
in the form of hard grains (achenes) are borne (Fig.194 mf); 
the cavity is closed above by small bracts (Fig. 194 0). 
Ficus elastica is the Indian-rubber tree ; it is frequently 
cultivated in rooms. /. religiosa and other East Indian 
species yield Caoutchouc, which is their inspissated milky 
juice (latex). Artocarpus incisa, is the Bread-fruit tree 
of the South Sea Islands; the large spurious fruit (sorosis) of 
this tree is roasted and eaten as bread. Galactodendron 
utile, the Cow-tree of Columbia, has a nutritious latex, 
while that of Antiaris toxicaria (Java) is poisonous. 


Fic. 194. —Longitudinal 
Fam. 3. CANNABINEZ. Ovule suspended, *ection of a Fig (nat. size): 


., : £ ; a, a, fleshy axis of the in- 
campylotropous. Flowers dicecious, in panicled orescence; f, female; m, 


inflorescences. The male flowers (Fig. 195 4) male flowers ; 6, bracts. 
have a 5-partite perianth and 5 short stamens ; the female flowers have 
a tubular entire perianth (Fig. 195 B p) enclosed in a bract (Fig. 
195 Bd). Herbs with decussate leaves—at least the lower ones— 
and persistent stipules ; devoid of latex. 

Cannabis sativa, the Hemp, is a native 
of Asia, cultivated throughout Europe. 
The male inflorescences are panicled dich- 
asia or scorpioid cymes, and are disposed 
on both sides of a rudimentary shoot at 
the apex of the plant; the female flowers 
are placed singly on both sides of a similar 
shoot, which bears secondary shoots in 
the axils of its leaves, each having two 
flowers. The tough bast-fibres are used in 
weaving and for ropes ; the seeds contain 


p, the perianth; a, stamens. B. Female 
a great deal of oil. Huwmulus Lupulus, flower: p, perianth; /, ovary, with two 


the Hop, is both cultivated and found stigmas (x); each flower is enclosed in its 
wild. The stem, which has the peculiarity og ik LRN out bi os ee une ep 
oF i : pules, from the common axil of which the 
of twining to the right, bears its leaves jo ch bearin mine hones apringe! 
in pairs, each of which has two pairs of 
membranous stipules. In the inflorescence the bracts are placed singly, and are 
finally represented only by their stipules. In the female inflorescence, which has 
the appearance of a fir-cone, a rudimentary shoot is present in the axil of each 
pair of stipules which bears two flowers on each side ; it seems at first sight as if 
two flowers were developed in the axil of each stipule (Fig. 195 B). All the 
bracts are covered, especially on the upper surface, with numerous yellow glands. 
In the male inflorescence the shoot which bears the flowers is well developed. 


Fam. 4. UtmMace&. Ovule suspended and solitary. Flowers mostly 
hermaphrodite with a 4 to 6-partite perianth (Fig. 196 4). Woody 
plants devoid of milky juice, with deciduous stipules. The inflores- 
cences (glomerules) are borne directly in the axils of the leaves, 
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‘In the genus Ulmus the hermaphrodite flowers are fascicled in the axils of the 
leaves of the previous year, and they are invested by bud-scales; one or more 
flowers are developed in the axil of the innermost scale before the opening of the 
leaves, The fruit is a samara, that is, an achene with a broad membranous wing 
(Fig. 196 B). The leaves are alternate, and always 
oblique. The annual shoots have no terminal bud, 
and so they form a sympodium. ‘Two species of Elm, 
are indigenous in England. Ulmus eampestris, the 
common Elm, and Ulmus montana, the Wych or 
: 1 Mountain Elm : the former has rather slender bran- 
Fic. 196.-—A. ists of ches, leaves with distinct petioles and serrate margins, 
Ulmus campestris (mag.); d, somewhat narrow at the base, and a seed which is 
bract; p, perianth;a,stamens. above the centre of the samara ; the latter has thick 
He Ere asnmiere) (nat: wine) horizontally spreading branches, leaves with very 
MN, membranous Margin 2 ‘ 
(wing). short petioles and doubly serrate margins, broad at 
the base, and a seed which is central in the samara. 
Celtis australis, from Southern Europe, and C. occidentalis, from N. America, are 
often cultivated as ornamental trees ; their flowers are polygamous, and they are 
placed singly or several together in the axils of the oblique acuminate leaves ; the 
fruit is a drupe. 


Fam. 5. Pharane&. The diclinous flowers are arranged in glomerules 
borne laterally on pendulous branches. In the male glomerules a number 
of stamens are present together with scales which probably represent 
the several perianths : in the female glomerules there are similar scales 
among which are the unilocular ovaries, each containing a single 
suspended orthotropous ovule. They are trees destitute of latex 
having scattered leaves and persistent sheathing stipules. 

Platanus occidentalis, from N. America, with three-lobed leaves, and P. orien- 
talis, from the East, with usually five-lobed leaves, which are often cuneiform at 
the base, are frequently cultivated (especially the former). The smooth bark, 
which is shed in flakes, is very remarkable. The Plane may be at once distinguished 
from the Maples, which resemble it a good deal in the form of the leaf, by the 
scattered arrangement of the leaves, 

Fam. 6. CERATOPHYLLEZ. Submerged water-weeds of doubtful 
affinity, with whorled, sessile leaves dichotomously divided and sub- 
divided ; in the axils of some of these the diclinous monecious flowers 
occur. The male flowers consist of from 6-12 perianth-leaves and about 
as many stamens ; the female flowers have a similar perianth and a 
unilocular ovary with a single suspended orthotropous ovule. 


Ceratophyllum demersum and submersum occur submerged in ponds and ditches. 


Order 3.—AMENTACEA, 


_ The flowers, which are always diclinous and generally moneecious, 
are arranged in catkins (amenta). The perianth, when it is present, 


eee. 
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consists of five, four (i.e., twice two) or six (i.e., twice three) segments ; 


the stamens are generally superposed on the segments of the perianth. 
The ovary is usually inferior, di- or tri-merous, with numerous ovules. 
The fruit (with the exception of Fam. 7, ie 

the Salicinese) becomes by abortion one- ne io 
seeded, and is indehiscent : the seed has no ( oN am @ 
endosperm. The flowers are furnished with , @) 
bracts which often form investments for the 7 ya 
fruit: their arrangement in the first three we, = = 
families is as follows; in the axil of a a 

primary scaly bract (the primary bracts being Fie. 197.—Diagram of a group 
arranged spirally in the amentum) is a hs para a naar ote 
flower (0) with two bracteoles a and 8, in median flower, with the secondary 
the axil of each of which is another flower Dracts (bracteoles), @ and B; U/, b”, 
with two more bracteoles a’ and f’ (Fig. 197). ke las wane a 
They are trees and shrubs. 


Fam. 1. Berunacem®. The flowers are moncecious but in different 
eatkins. The female flowers have no perianth: the ovary is bilocular 
with two ovules: the fruit is one-seeded, indehiscent, without any 
investment: the primary bract is coherent with the two or four 
bracteoles (the bracteoles a! are always absent) to form a three or five- 
lobed scale which does not adhere to the fruit. 


Alnus, the Alder. In the male amenta three flowers with four bracteoles occur in 
the axil of the primary bract, each flower having a perianth of four segments and 
four unbranched stamens. In the female amenta the median flower is absent ; 
the four bracteoles coalesce with the 
primary bract (Fig. 198 B v s) to form 
a five-lobed woody scale which persists 
after the fall of the fruit which is not 
winged. The male catkins occur termi- 
nally, and the female laterally on the 
highest lateral branch, on the shoots of 
the previous year; they are not enclosed 
by bud-scales during the winter, and fic. 198.—A. Scale from a male catkin of 
blossomin g takes place before the open- Alnus incana: the axillary branch adheres to 
ingof the leaves. The leaveshave usually the scale (s), it bears four bracteoles and three 

x ; ; flowers: two of the flowers are seen laterally 
a 4 arrangement; in A. incana, the white Gs tOneti annie onetrorl above \-o! pananthi 
Alder, the leavesare acuminate and gray g, stamens. 3B. Scale (s) of a female catkin of 
on the under surface ; in A. glutinosa, the same plant: its axillary branch bears two 
the black or common Alder, they are lateral branches, each of which bears two 
obovate or even emarginate and green Besa: (7) aud cra Jp tbe ieee 
on both surfaces. In Alnus viridis, Diag a Ae ote dino ee arene > 
the mountain Alder, the male catkins only are destitute of bud-scales in the winter. 
: Betula, the Birch. In the catkins of both sexes the three flowers have only the 
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bracteoles a and 8. In the male flowers the perianth is usually incomplete, and 
there are only two stamens, the filaments of which are forked. In the female 
catkins, the two bracteoles cohere with the primary bract to form a three-lobed 
scale which falls off together with the winged fruit. The male catkins are borne 
terminary on the shoots of the previous year, and are not covered with bud-scales 
during the winter ; the female catkins are borne terminally on lateral dwarf-shoots, 
which have only a few leaves, and they are enclosed by bud-scales during the winter ; 
as a consequence flowering takes place after the unfolding of the leaves. The shoots 
of successive years form syinpodia, and the leaves are arranged spirally. B. verru- 
cosa has white glands on the leaves and young shoots ; B. pubescens has no glands, 
but the shoots are hairy ; it is a northern form; B. fruticosa and B. nana are 
shrubs occurring in high latitudes ; B. alba is the common Birch. 


Fam. 2. CoryLtacem. Tlowers moncecious, in male and female 
catkins. The male flowers have no perianth; that of the female 
flower is rudimentary. The ovary is bilocular with two ovules. The 
fruit is one-seeded and indehiscent. ‘Two flowers are borne in the axil 
of the primary bract of the female catkin, the median flower being 
absent. Each fruit is surrounded by a leafy investment (cupule) formed 
by the three bracteoles (a a, 8, and Ba, B, respectively) of each side. 
In the male catkin the median flower only is developed ; the filaments 


of the stamens are deeply forked. 

In Corylus, the Hazel, the female 
catkin resembles a bud, since the 
external sterile bracts have the same 
structure as the bud-scales (Fig. 199 
B); the red stigmas project at the 
top ; the investment of the fruit is 
irregularly cut ; a small projection is 
formed on the fruit, the nut, by the 
remains of the perianth. Each pri- 
mary bract of the male amentum bears 
two bracteoles a and f, and four 
forked (so apparently eight) stamens 
(Fig. 199 A). Both kinds of amenta 

Fie. 199.—Corylus Avellana. A. Scale (s) of a ay oar Me thease 
male catkin, with the stamens //), and anthers of the previous year, and are not 
(a). B. Female catkin: the lower scales (s) have enclosed during the winter; hence 
no flowers ; the stigmas (nm) project above. C. A flowering takes place before the un- 
single female flower surrounded ey, the invest- folding of the leaves. Leaves distich- 
ment (bracteoles) (c), with two stigmas (n) (mag. - 
and diag.). ous. C. Avellana is the common 

Hazel ; C. tubulosa, with red leaves, 
the Copper Hazel, is cultivated as an ornamental shrub. 

In Carpinus, the Hornbeam, the fruit has a three-lobed investment ; the fruit 
is ribbed and is surmounted by the perianth. The primary bract of the male 
catkin bears 4-10 deeply forked stamens; there are no bracteoles. The catkins 
of both kinds are borne at the apex of short leafy shoots of the same year, hence 
flowering takes place after the unfolding of the leaves, Leaves distichous. The 


~ 
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annual shoots form sympodia. (C. Betulus has an irregular stem and serrate leaves 
which are folded along the lateral veins. In Ostrya (Southern Europe) the in- 
vestment of the fruit is an open tube. 


Fam. 3. Cupunirerz. Flowers moncecious with a perianth of five 
or six segments, Ovary trilocular with two ovules in each loculus ; 
the fruit is one-seeded and indehiscent (a nut) ; it is invested by a cupule 
formed probably by the connate bracteoles a, 8, a, B,, and having its 
surface covered with scales, prickles, &c.The filaments are not forked. 


In Quercus, the Oak, the 
male catkins are loose ; each 
bract bears a single flower in 
its axil without bracteoles : 
the perianth is 5-7 lobed, 
and the stamens from 5-10 
or indefinite (Fig. 200 a). 
There is a single flower, the 
median one, in the axil of 
each bract of the female 
eatkin; thus the cupule 
invests only a single fruit, 
forming the so-called cup 
at its base. The leaves are 


Fic. 200.—Quercus pedunculata. A. Male flower magnified; 
developed in % order near p, perianth; a, stamens. B. Female flower maznified ; d, 
the apices of the annual bract; c, cupule; p, the superior perianth; g, the style; 
shoots; the annual shoots ” the stigma. @. The same still more magnified, in longi- 


. tudinal section ; f, ovary ; les. 
are always apical. The male j, thy Ter rae 


catkins are borne in the axils of the uppermost bud-scales (pairs of stipules) on 
both long and dwarf shoots of the same year, the female catkins in the axils of the 
foliage-leaves of the apical shoots : flowering takes place shortly after the unfolding 
of the leaves. The cotyledons remained enclosed in the testa during germination. 
Quercus Robur is the English species, of which there are two varieties, Quercus 
pedunculata and Quercus sessiliflora : the former has elongated female catkins, 
so that the fruits are widely separated from each other, and its pinnately lobed 
leaves are shortly stalked and cordate at the base: the latter has compact female 
catkins, so that the fruits form a cluster, and its leaves have longer petioles, and 
are narrowed at the base. Quercus Suber is the Cork-Oak of Southern Europe. 
There are also several North American species. 

In Fagus, the Beech, the catkins of both kinds have the appearance of stalked 
capitula. The flowers of the male catkin are closely packed, they have a peri- 
anth of 4-7 segments and 8-12 stamens. The female catkin consists of two flowers 
only which are invested by a single cupule and by four delicate leaflets. The 
eupule is covered with hard bristles, and when ripe splits into four valves to allow 
the two triquetrous fruits to escape; each fruit bears at its apex a brush-like 
remnant of the perianth. The female inflorescences are borne on erect axes 
in the axils of the leaves of the apical shoot of the same year, the male on pendu- 
lous axes springing from the axils of the lower leaves of the shoots. Leaves 
distichous, approaching each other on the under surfaces of the shoots, their 
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axillary buds approaching each other on the upper surface: the winter buds are 
elongated and pointed. The cotyledons escape from the seed on germination. 
Fagus sylvatica is the Common Beech: a variety with red leaves, the Copper 
Beech, is very generally cultivated. 

In Castanea, the edible or Spanish Chestnut, some of the catkins consist at 
their lower part of female flowers and at their upper of male flowers, whilst others 
have only male flowers. In the axil of each bract there are usually either seven 
male or three female flowers ; the latter are invested by the bracteoles a and £, 
and by a cupule formed by the other four bracteoles ; the cupule, which is covered 
with prickles, completely encloses the fruit until it is ripe, when it splits into 
four valves. Both kinds of catkins are formed in the axils of leaves of shoots of 
the same year, the mixed catkins being nearer to the apex than the male ones. 
The leaves are arranged spirally on vigorous shoots ; they are distichous on the 
less vigorous lateral shoots. C. vulgaris, from Southern Europe, is cultivated in 
parks ; it has undivided toothed leaves. 


Fam. 4. JuGuhanpE&. Flowers moneecious, the two kinds of flowers 
being contained in distinct catkins. Each bract bears in its axil a 
single flower with two brac- 
teoles. The ovary is inferior 
and dimerous, and encloses a 
single erect orthotropousovule. 
The male flowers are usually 
borne on the bract ; they may 
or may not have a perianth, 


Fic. 201.—A. Scale of the male catkin of Juglans and the stamens are indefinite 


nigra bearing a flower ; p, perianth and bracteoles ; (Fig. 901 A). The fruit is 
s, stamens; z, axis of the catkin. 3B. Female 


flower of the same plant ; l, bracteoles ; c, perianth ; drupaceous ; the leaves are 
n, stigmas (magnified). pinnate, and like the flowers 
they are aromatic. 

In Juglans the male catkins are borne on the apices of the leafless shoots of the 
previous year, and the few-flowered female catkins on the apices of the leafy shoots 
of the same year. The bracteoles of the female flowers (Fig. 201 72) grow up 
around the ovary. The succulent mesocarp is thin, and ruptures irregularly ; the 
hard endocarp opens on germination along the line of junction of the two carpels, 
and then the incurved margins of the carpels are seen as an incomplete longitudi- 
nal septum projecting between the two cotyledons of the embryo which is 
closely invested by the endocarp. J. regia, the Walnut Tree, is a native of 
Southern Europe ; in North America, J. cinerea and nigra occur ; also various 
species of Carya, the Hickory, remarkable for its very hard wood. 


Fam. 5. Myricacem. Trees or shrubs; the flowers, which .are 
‘diclinous and sometimes dicecious, are arranged in catkins ; a perianth 
may be present or absent, when present it is scaly. The ovary is 
‘dimerous and unilocular with one erect orthotropous ovule. 


. Myrica Gale, the Bog-Myrtle, is a shrub occurring on moors, MM. cerifera, 
belonging to North America, secretes a quantity of wax on its fruits, 
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: 

Fam. 6. Casuarinea. Trees having somewhat the appearance of 
Horse-tails (Equisetum) with long channelled internodes and leaves 
forming a toothed sheath. The flowers are in unisexual catkins ; the 
male flowers consist of a single stamen and two perianth leaves, the 
female of a unilocular ovary invested by two bracteoles, which, when 
ripe, are hard and woody; the whole female catkin then resembles a 
pine-cone. 

Several species of Casuarina are indigenous in Australia, 

Fam. 7. Sauicinrx. The dicecious flowers are arranged in amenta, 
and they are borne in the axils of the bracts without any bracteoles, 
The perianth is represented by a disc or a scale, The ovary is 
superior, dimerous, and unilocular, and contains a number of parietal 
ovules. The dehiscence of the fruit is loculicidal; the seeds are 
furnished with a pencil of silky hairs at their bases. The catkins are 


developed at the ends of lateral dwarf-shoots which always bear scales 


or even a few foliage-leaves. 


Salix, the Willow, has entire bracts, one or more 
nectaries (glands) in each flower, and usually two 
stamens, entire shortly-stalked leaves, and its 
winter buds are covered by a scale which is formed 
by the coalescence of two. The shoots, which 
grow throughout the summer, die down yearly. 
Some species, such as S. alba, fragilis, and baby- 
lonica, the Weeping Willow, have pendulous 
branches, and are aborescent ; most of them are 

" flower of Salix ; d, bract; h, disc ; 
shrubby, and some, such as 8. reticulata, retusa, ; , 
a, stamens; f, ovary; n, stigmas 
and herbacea are small decumbent shrubs occur- (enlarged), 
ring in the Alps and in high latitudes. In S. 
purpurea and incana the two stamens are connate: S. triandra has three stamens. 
Most of the species grow on the banks of rivers ; S. awrita and caprea in forests, 


Fic. 202.—A, Male; B, female 


‘and S. repens and others on moors. 


Populus, the Poplar, has toothed or lobed bracts, a discoid perianth, and 
numerous (4-30) stamens ; the leaves are often lobed and have Jong petioles ; the 
winter-buds are enclosed by a number of scales ; the shoots have a terminal bud. 
In the Sub-genus Leuce the young shoots are pubescent, and the buds are not vis- 
cid ; the male flowers have usually only from 4-8 stamens, and the stigmas have 2-4 


‘lobes: to this section belong P. alba, the White Poplar or Abele, with five-lobed 


leaves on the elongated shoots, which are woolly beneath, and P. tremula, the 
Aspen, with sinuate-serrate leaves glabrous beneath, which are versatile on the 
long slender and compressed petiole, and which are therefore very readily set in 
motion by the wind. In the Sub-genus Aigeiros, the young shoots are glabrous 
and the buds viscid ; the bracts are glabrous, and the number of stamens is usually 
from 15-30; the stigmas are entire or shortly lobed: to this section belong P. 
nigra, the Black Poplar, anda variety with erect branches, the Lombardy Poplar ; 
of the latter, only male individuals are usually cultivated. 
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Sus-Crass Il. —MONOCHLAMYDE#. 


The flowers have a simple perianth which is not differentiated into 
calyx and corolla; they are usually conspicuous and do not form 
amentaceous inflorescences: the ovary is usually inferior. The 
families which are here grouped together are all of doubtful affinity, 
but they agree in the very simple structure of their flowers ; this sub- 
class must therefore be regarded as provisional. 


Order 4.—SERPENTARIA. 


Fam. AristoLocuiz®. Flowers hermaphrodite: Perianth of three 
connate petaloid segments forming a three-lobed tube: Stamens 6 or 
12: Ovary inferior, usually 6-locular, with numerous ovules in two 
longitudinal rows along the inner angles of the loculi. The minute 
embryo is enclosed in the copious endosperm. They are herbs or 
shrubs, often climbing, with large leaves, 


In Asarum europeum (Asarabacca) the three 
lobes of the perianth are equal; the twelve 
stamens are free, and the connective is produced 
(Fig. 203). The annual shoots of the creeping stem 
bear four cataphyllary leaves, two large petiolate 
reniform foliage-leaves, and a terminal flower. 
The lateral branches spring from the axils of the 
uppermost foliage-leaf and of the scales. In Aris- 
tolochia (see Fig. 154 py) the limb of the perianth 
is obliquely lipped ; the six anthers are sessile 
and adnate to the short style. A. Sipho is a 

Fig. —203.—Asarum europeum climber frequently cultivated; 4. Clematitis 
Longitudinal section of the flower : 
fiviag hie, qiéeiinkh datter Gaaeu). occurs on ruins, &e. ; the flowers of the latter 

occur usually several together in the axils of the 
leaves, and those of the former in pairs, one above the other, together with a 
branch in the axils of the leaves of the shoot of the previous year, 


Order 5.—RHIZANTHES. 


Parasites devoid of chlorophyll and without foliage-leaves, with a 
usually deformed vegetative body, and either solitary flowers of remark- 
able size or small flowers in a compact inflorescence. Ovules very 
numerous ; embryo rudimentary ; seed with or without endosperm. 


Fam. 1. Cytinrw. Cytinus Hypocistis is parasitic on the roots of Cistus in 
Southern Europe ; other species occur in America and South Africa. 

Fam. 2. Hypnorex. Hydnora and others are parasitic on the roots of Euphor- 
bie in America and in South Africa. 

Fam. 8. RAFFLESIACEX. Lafflesia Arnoldi is conspicuous for the enormous 
size of its flower ; it is parasitic on the roots of Ampelidew in the East India 
Islands. 


- a 
‘ie aes 
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Order 6.—BALANOPHORES. 


Parasites devoid of chlorophyll and without foliage-leaves, with 
a deformed vegetative body. Flowers dicecious or monecious, in 
many-flowered inflorescences. The female flowers usually consist of a 
unilocular, one-seeded ovary: the ovule has no integument; it is 
suspended, and it adheres closely to the ovary. The embryo is very 
small, 


Balanophora, Lophophytum and others are Brazilian genera; others inhabit tro- 
pical Africa ; Cynomoriwm coccinewm is found in the Mediterranean region. 


Order 7.—SANTALINA. 


Parasites with entire leaves, and provided with chlorophyll. 
Stamens equal in number to the leaves of the perianth and superposed 
upon them ; ovary inferior ; ovules devoid of integument. 

Fam 1. Sayratacem. Flowers generally hermaphrodite; ovules 

‘suspended upon a free-central placenta: perianth 3-5-lobed ; fruit a 
nut or a drupe. 


Thesium linophyllum, the Bastard Toad-flax, is an indigenous plant which is 
parasitic on the roots of other plants. The leaves are narrow and linear. The 
bracts of the flowers, which are disposed in racemes, 
are usually placed high up on the pedicels, close under 
the flowers, and in most of the species constitute 
with the bracteoles a three-leaved epicalyx. The 
stamens are filiform, inserted at the base of the lobes 
of the perianth. The perianthis persistent, remain- pg oo4 4. Flower i, frutt 
ing curled up at the apex of the indehiscent fruit of rresiwm montanum: f, ovary : 
(Fig. 204 B). Santalwm album, an East Indian »p, perianth; s, stamens; 2, 
‘tree, yields Sandal wood. stigma (enlarged). 


Fam. 2. LorantHacez&. Flowers diclinous or hermaphrodite ; 
ovule erect, adhering to the wall of the ovary: perianth of 4, 6, or 8 
leaves ; fruit a berry. 

Viscum album, the Mistletoe, 
is parasitic on various trees 
forming conspicuous evergreen 
bunches. The stem bears a pair 
of opposite leaves (Fig. 205 b b), 
from the axils of which new 
branches spring, each bearing a 
pair of cataphyllary leaves and 
then a pair of foliage-leaves, 


while the main axis ceases to the Mistletoe, Viscum album: s, stem; b, b, leaves; 
grow, or produces a terminal *; *, axillary buds; j, three female flowers with the 
fruit set. B. Male flower (mag.); p, perianth; a, 
anthers adherent to the leaves of the perianth. 


inflorescence, consisting of three 
flowers (Fig. 205 hf); branches 
_or inflorescences may also spring from the axils of the cataphyllary leaves. The 


16 
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flowers are dicecious. The fruit is a one-seeded berry with a viscid pericarp, by 
means of which the seeds became attached to trees, and thus effect the distribution 
of the plant. The male flowers have multilocular sessile anthers which are inserted 
(Fig. 205 B a) upon the leaves of the perianth. Loranthus ewropeus occurs upon 
Oaks in Eastern Europe. 


Sus-Criass II.—ELEUTHEROPETALA. 


The perianth is usually differentiated into calyx and corolla, though 
in many cases the corolla is suppressed. The corolla is nearly always 
eleutheropetalous. ; 
A. Tricocce. 

Flowers usually diclinous ; the perianth sometimes consists of calyx 
and corolla, sometimes it is simple, and occasionally it is absent: the 
ovary is superior and usually trilocular with one or two anatropous 
and generally suspended ovules in each loculus; the seed contains 
endosperm : the structure of the flowers is very various. The affinities 
of the group are not accurately known. 


Order 8.—Tricoccm. 


Fam. 1, Eupnorsiacem. The fruit is usually dry and dehiscent, 
splitting septicidally into cocci. The micropyle of the suspended ovule 
is directed outwards. They are plants of very various habit and floral 
structure, and they contain milky juice. 

The genus Euphorbia has eymose umbels 
or dichasia, the branches of which termi- 
nate in what were formerly regarded as 
hermaphrodite flowers but are really inflor- 
escences, each one being termed a eyathium, 


(Fig. 206 p) between the five lobes of which 
glandular appendages, often of a semilunar 
form, are situated (Fig. 206 dr). Within 
this involucre are numerous male flowers in 
five groups, each of which consists of a 
Fig. 206.—Part of an inflores- single stamen (Fig. 206 a) and is terminal 
cence of a Euphorbia: b, b, bracts, ‘ 
in the axils of which are the On a long pedicel, and one female flower 
flower buds (tn); p is the invo- (Fig, 206 g), consisting of a trilocular ovary 
lucre of the cyathium; dr, the 3 - coe 
glands; a, the male flowers; g, (Fig. 206 jf) at the base of which an indi- 
the ‘pedicel of the female flower cation of a perianth may in some cases be 
(f); », the stigmas (enlarged). c : : r 
detected. That the cyathium is an inflor- 
escence and not a single flower is most clearly visible in some foreign 


genera (Monotaxis) in which a perianth is distinctly developed round 


The cyathium consists of a tubular involucre ° 
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each stamen. There is a single ovule in each loculus of the trilocular 
ovary : the seed has a peculiar appendage termed a carunele. 

In Mercurialis the male flowers have a three-leaved perianth and 
numerous stamens ; the female flowers have a similar perianth and a 
bilocular ovary. 

Ricinus bears its moncecious flowers in a compound inflorescence in 
which the male flowers are placed above and the female flowers below. 
The perianth is simple and five-lobed, the stamens numerous and much 
branched (v. Fig. 142). 

Of Euphorbia, the Spurge, a number of species are annual herbs, as HL. Peplus 
Cynarissias (both scarce in England) and helioscopia (the common Sun Spurge) 
occurring in gardens and by roadsides; some South European forms are small shrubs, 
as #. dendroides and fruticosa. In Africa and the Canary Islands the genus is 
represented by species which much resemble Cactez in appearance ; their stems 
are thick and cylindrical or angular or sometimes spherical, producing small 
leaves which usually soon fall off. MMercurialis annua and perennis (Dog’s Mer- 
cury) are weeds ; the first common in cultivated ground, the second in woods ; 
their flowers are dicecions. Ricinus communis (the Caster-oil plant) is a native 
of Africa, now frequently cultivated. Some species of Phyllanthus have phylloid 
branches which bear their small flowers in the axils of minute bristle-like leaves 
situated in indentations at the edge of the phylloclade. Manihot utilissima, a South 
American plant, yields the starchy meal known in commerce as tapioca. From 
Siphonia elastica, a species growing in Central America, most of the caoutchouc 
is obtained. 


Fam. 2. Buxinrm. The micropyle of the suspended ovule is 
directed inwards. Flowers moncecious, in glomerules, in which the 
terminal flower is usually female. and the lateral ones male. Male 
flowers with a simple 4-leaved perianth and four superposed stamens ; 
the female with a trilocular ovary: fruit a capsule with loculicidal 
dehiscence. For the most part shrubs devoid of milky juice. 

Buaxus sempervirens, the Box, is an evergreen shrub of Southern Europe ; the 
wood is valuable. 

Fam. 3. CanuitricHinem. Aquatic plants with decussate, linear 
or ovate leaves, in the axils of which stand the solitary diclinous 
flowers which are destitute of a perianth ; the male flowers consist of a 
single stamen, the female of a bilocular, spuriously quadrilocular, 
ovary, with four suspended ovules the micropyles of which are di- 
rected outwards, 

Callitriche stagnalis and others are either submerged or they creep on muddy 
banks. 

Fam. 4. Emperres. Ovules solitary, ascending: flowers dicecious with 
three sepals, three petals, three stamens, and a 6-9-locular ovary : fruit 
of 6-9 drupes. ‘They are shrubs resembling Heaths in appearance, 


¢ 
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Empetrum nigrwm is a small shrub occurring in the north of Europe and in the 
Alps. 


B. Centrosperme. 


Flowers generally hermaphrodite ; perianth either simple or differen- 


tiated into calyx and corolla; ovary superior, with one central ovule 
or a free-central placenta bearing numerous ovules. The seed contains 
endosperm. 


Order 9.—POLYGONINA. 


Flowers with a simple perianth, and a usually trimerous unilocular 
ovary with a single basal orthotropous ovule. 


Fam. Potyconez. The flowers have a simple 4, 5 or 6-leaved 
perianth which may be either sepaloid or petaloid, and usually the 
same number of superposed stamens ; but occasionally the stamens are 
more numerous or some of them are suppressed. Ovary usually 
trimerous, unilocular, with 
a single basal orthotro- 
pous ovule; the fruit is 
frequently more . or less 
enveloped by the persistent 
perianth. The leaves have 


(Fig. 207 A v) and connate 
stipules forming an ochrea 
(Fig. 207 0) which embraces 


above the leaf-sheath. 


Rheum, the Rhubarb, has 
six (three internal and three ex- 
ternal) perianth leaves and two 


whorls of stamens, the outer 

Fic. 207.—A. Portion of the stem (s) of Polygonum, containine inane et 
with a leaf (b), its sheath (v), and the ochrea (0) nat. & = AR 
size). B. Flower of Rheum; k, external, c internal three ; Rheum undulatum and 
perianth-whorl: a, the stamens. C. Fruit of Rumex, other species are cultivated. 
enclosed by the inner whorl of the perianth ; s, base of Rumex, the Dock, has flowers 
one of the perianth leaves ; k, external perianth leaves. 


of simi ructure, but th 
D. Fruit of Rheum (f); k, outer, ¢ inner perianth of similar st ne , ee 
whorl (enlarged). inner whorl of stamens is absent; 


the triquetrous fruits are com- 
pletely enveloped by the inner whorl of perianth leaves (Fig. 207 ¢) ; the leaves 
‘contain a large quantity of oxalic acid. Polygonum has usually five petaloid 
-perianth leaves and a varying number of stamens (5-8); P. Fagopyrum, the 
Buckwheat, is cultivated for the sake of its mealy seeds. 


well-developed sheaths 


the stem for some distance. 


wt 
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Order 10.—CARYOPHYLLINES. 


The perianth may be simple or it may consist of calyx and corolla. 
The ovary is formed of a varying number of carpels; it is uni- or 
multilocular, and contains one or more anatropous or campylotropous 
ovules on a basal placenta. 

Fam. 1. Cuenopoprace#. Flowers small, united to form a dense 
inflorescence : the bracteoles are usually suppressed. Stamens super- 
posed on the usually 5-leaved sepaloid perianth 
(Fig. 208). Ovary usually dimerous and uni- 
locular, with a single basal ovule. Stipules 
wanting. 

Chenopodium album, the Goose-foot, and Blitwm 
(Chenopodium) Bonus Henricus, the All-good, are 
common weeds on garden ground and waste land. 
Spinacia oleracea is Spinach, cultivated as a vegetable. ee Se Sa et 
Beta vulgaris is cultivated under the var. Cicla moles Laveen! if fe 
(Mangold). 2B. altissima is the species used in the ,, stigma. 
manufacture of sugar, and B. rubra is the red Beet- 


root. Salsola, the Salt-wort, and its allies, with fleshy stems and leaves, are 
conspicuous in the vegetation of the sea-shore. 


Fam. 2. Amarantacex. The flowers have the same structure as 
those of the preceding family : they have usually bracteoles which are 
frequently petaloid ; in some cases the ovules are numerous. Stipules 
absent. The flowers usually form dense inflorescences. 

Species of Amaranthus and Celosia (Cock’s comb), the latter having a monstrous 
floral axis, are well known as ornamental plants. 

Fam. 3. Puytontaccacr®. The flowers have a simple, generally 
5-leaved perianth which is often petaloid, and 
two whorls of stamens; the number of the 
stamens is in many cases doubled (Fig. 209) : 
the number of carpels varies very much; the 
ovary is multilocular, each loculus containing a 
single ovule. Stipules occasionally present. 


Phytolacca decandra, a native of North America, is nt 
P 2 é Fic. 209.—Diagram of the 
used as a colouring-matter in the manufacture of wine gower of Phytolacca decan- 
and in other processes. ari. 


Fam. 4. Nyoracinex. Perianth simple, petaloid, gamophyllous, 
5-leaved ; stamens in greater or smaller numbers ; ovary monomerous, 
unilocular, with one ovule ; the terminal flowers are surrounded by an 
epicalyx, but not the lateral ones. . 


Mirabilis Jalapa, the Marvel of Peru, isan ornamental plant from America ; the 
roots are often substituted for those of the true Jalap (v. under the Convolvulacez). 
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Fam. 5. CaryoPHYLLACE®. Flowers generally pentamerous with 
calyx and corolla, though the latter is suppressed in some cases ; 


stamens in two whorls of which the inner is often wanting ; ovary 2, 


3, or 5-merous, unilocular, or multilocular at the base, with a central 
placenta or with a single basal ovule: fruit usually a capsule : leaves 
opposite decussate : stems usually tumid at the nodes. 

Sub-family 1. Paronychice. The corolla and the inner whorl of stamens are 
often entirely or partially suppressed ; the fruit is usually one-seeded and inde- 
hiscent: the leaves have usually scarious stipules 

Scleranthus amnus and perennis (Knawel), Herniaria and others, occur as 
small inconspicuous weeds on sandy soil. 

Sub-family 2. Alsinew. The corolla and the inner whorl of stamens are usually 
present ; the calyx is eleutherosepalous ; fruit, a capsule ; usually no stipules. 

Sagina, Arenaria, Alsine, Cerastium, Stellaria, Spergula and others, are small 
herbaceous plants with white petals, occurring in meadows, on roadsides, &e. ; 
they are distinguished from each other principally by the number of carpels 
present and by the mode of dehiscence of the fruit. 

Sub-family 3. Silenew. The corolla and the inner whorl of stamens are always 
present : the calyx is gamosepalous ; the fruit is a capsule (in Cucubalus a berry) : 
the leaves have no stipules ; the 
floral axis is often elongated be- 
tween the calyx and the corolla 
(Fig. 210 y): the petals (as in 
Lychnis and Saponaria) often have 
ligular appendages (Fig. 210 a). 

The species of Dianthus, the 
Pink, which commonly oceur wild 
are D. deltoides and armeria ; D. 
caryophyllus, the Carnation, and 
D. chinensis are well-known gar- 
den flowers: there are two styles 
and the calyx is surrounded 
at its base by bracteoles. The 
genus Saponaria has two styles 
but no bracteoles; S. officinalis, 


the Soap-wort, occurs on the banks 

Fic. 210.—Longitudinal section of the flower of of yivers. The genus Silene has 
Lychnis Flos Jovis; y, prolonged axis between the 
calyx and the corolla; 2, ligular appendages or 
corona (after Sachs). 


three styles; S. inflata, nutans 
and others, are common in mea- 
dows. The genus Melandryum 
(Lychnis) has five styles; the species M. rubrum and album are dicecious. 
Agrostemma Githago, the Corn-cockle, is common in fields. 


Fam. 6. Portunacacea. Calyx usually of 2 sepals and corolla of 

5 petals ; stamens usually 5, epipetalous ; ovary usually trimerous and 

unilocular ; fruit a capsule. They are herbs with scattered leaves ; 
the corolla is fugacious. 

-Portulaca oleracea, the Purslane, from southern Europe, and other species. 


GROUP 1V.—PHANEROGAMS, 247 


; 
are cultivated as vegetables and as ornamental plants. Montia has a gamopeta- 
lous corolla, slit up one side ; it grows in ditches or in damp places. 

Fam, 7. Arzoace®. Flowers with a simple perianth and usually 
indefinite stamens, the more external of which are often transformed 
into petaloid staminodes ; ovary multilocular. 


Many species of Mesembryanthemum, natives of South Africa, are cultivated. 


C. Aphanocyclice. 


Flowers acyclic, hemicyclic, or cyclic, with a perianth sometimes 
simple but usually consisting of calyx and corolla. The stamens are 
nearly always more numerous than the leaves of the perianth ; some- 
times they are indefinite and spirally arranged, sometimes multiplied 
or branched, and in a few cases they are eucyclic with the perianth. 
The ovary is nearly always superior; fruit usually apocarpous ; 
placenta usually parietal. 


Order 1]1.—Potycarpica. 


Flowers generally acyclic or hemicyclic, nearly always hypogynous ; 
perianth simple or consisting of calyx and corolla; gynccium 
apocarpous, often reduced to a single monomerous ovary ; very rarely 
polymerous and syncarpous. Seeds with or without endosperm. 


Fam. 1. Ranuncunace#. Perianth either simple and petaloid, or 
consisting of calyx and corolla, usually spiral: stamens numerous, 
occupying several turns of the spiral, or arranged in several alternating 
whorls; ovaries numerous, spirally arranged ; rarely one only. The 
ovules are disposed on the two margins of each carpel, that is, in two 
rows down the ventral suture ; in several genera the number of the 
ovules in each carpel is reduced to one, which then originates from 
either the upper or the lower end of the cavity of the ovary. Seeds 
with endosperm. They are almost all herbaceous plants, and are 
either annuals or they have perennial rhizomes ; they have no stipules 
but they have amplexicaul leaves or petioles. 

Sub-family 1. Clematidece. FPerianth simple, petaloid, with valvate estivation. 
Ovaries numerous each containing a single pendulous anatropous ovule. Climbing 
or creeping shrubs with opposite leaves. Fruit consists of a number of achenes. 

Clematis Vitalba, the Old Man’s Beard, is common in hedges ; it has a greenish- 
white perianth, and fruits with long feathery styles: C. Viticella, patens, 
and others, are cultivated as decorative plants. Atragene alpina, occurring in 
the Alps and in Siberia, has its external stamens converted into petaloid 
staminodes. 

Sub-family 2, Anemone. Perianth simple, or consisting of calyx and corolla ; 
wstivation imbricate. Ovaries usually numerous, each containing a single 
pendulous ovule. Leaves spirally arranged, Fruit consists of a number of achenes. 
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(a). Perianth simple : 

Thalictrum ; the species of this genus as 7’. minus, flavum and aquilegifolium 
the Meadow-Rues, have stems well covered with leaves, and flowers with an incon- 
spicuous, fugacious 4-5 leaved perianth, and a flat receptacle. Anemone has an 
hemispherical receptacle (Fig. 211 4¢), and a simple petaloid, usually 5-6-leaved 
perianth. In most of the species the underground rhizome elongates into an erect 
scape which bears a single whorl of three leaves forming an epicalyx beneath the 


Fre. 211.—Flowers of Ranuneulacee: s, peduncle ; k, calyx ; ¢, corolla ; a, stamens ; f, ovary ; 
», stigma (all of natural size or slightly magnified). 4. Of Anemone Pulsatille, longitudinal 
section: h, epicalyx; ¢, receptacle. B. Gyncecium of Ranunculus: 2, receptacle with the 
points of insertion of the stamens which have been removed. C. Flower seen from below. 
D. Flower of Helleborus viridis. E. Of Aconitum Napellus : h, bracteoles ; k’, hooded posterior 
sepal—the lateral sepal on this side is removed. 


terminal flower. In A. nemorosa, ranunculoides and others, these leaves resemble 
the foliage-leaves and often bear flowers in their axils, but in 4. Pulsatilla, and 
others, they differ from the foliage-leaves in that they are palmatifid (Fig. 211. 
Ah) ; in A. Hepatica, in which the scapes spring from the axils of cataphyllary 
leaves, the three bracteoles are simple and lie so closely under the petaloid perianth 
that at first they appear to be the calyx of the flower. 


(b). Perianth consisting of calyx and corolla : 

Ranunculus ; the calyx consists of five sepals and the corolla of five petals 
which alternate with the sepals and have a nectary at their base; the stamens 
and carpels are arranged spirally. 

The genus includes water-plants with finely-divided leaves and white flowers, 


| 


et - 
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as Ff. aquatilis, Water crowfoot, fluitans, &c. ; and land or bog plants usually with 
a yellow corolla as R. acer, the Buttercup, repens, bulbosus and sceleratus (all 
known as Crowfoot) and Flammula (Lesser Spearwort) ; they are all more or less 
poisonous. . Ficaria (the Lesser Celandine) has 3 sepals and usually 8 petals. 
Myosurus minimus (Mouse-tail) has a very long cylindrical receptacle ; the sepals 
are spurred, and the petals gradually pass into the stamens. Adonis, the 
Pheasant’s Eye, has completely acyclic flowers; sepals 5, petals 8 or more, not 
glandular at the base ; stamens and carpels indefinite, arranged in 3°; order. A. 


-autumnalis is the species which occurs in England. 


Sub-family 3. Hedleboree. Perianth generally consisting of calyx and corolla, 
the latter being occasionally suppressed ; the petals are glandular at the base ; 
ovaries usually fewer in number than the leaves of the perianth ; ovules numer- 
ous, borne on the ventral suture : fruit usually consists of several follicles. 


(a). With actinomorphic flowers : 

Helleborus, with acyclic flowers ; sepals in $ arrangement, the petals, which are 
small and tubular, in $ or 3’; stamens in y¥ or zy ; ovaries usually 3-5 (Fig. 211 D). 
H. niger isthe Christmas Rose ; H. viridis and foetidus are not rare. Nigella has 5 
petaloid sepals and usually 8 (superposed if 5) 
small glandular petals. Trollius, the Globe-flower, 
has 5-15 petaloid sepals, and a similar number of 
small petals which, like the stamens, are arranged 
spirally: 7’. ewropeeus occurs in sub-alpine regions. 
Caltha, the Marsh-Marigold, has five yellow peta- 
loid sepals but no corolla. C. palustris is common 
in damp places. Actza has a petaloid calyx and 
an alternating (sometimes suppressed) corolla ; it 
has a single carpel which becomes a baceate fruit : 
A. spicata, the Bane-berry or Herb Chris. 
topher, occurs in woods. Aquilegia, the Col- 
umbine, has a cyclic flower (Fig. 212): it 
has five petaloid sepals, and petals with long jyg, 212—Diagram of flower of 
spurs: 4. vulgaris, atrata, Aklei, and others Aquilegia. 
oceur wild or are cultivated as decorative plants. 


(b) With zygomorphic flowers : 

Delphinium, the Larkspur, has the posterior of the five petaloid sepals. 
prolonged into a spur: there are usually 5-8 petals of which only the two (or four) 
posterior are developed, their spurs projecting into that of the posterior sepal. 
D. Staphisagria is poisonous ; D. consolida has but one carpel ; D. Ajacis is a 
common garden plant, with 1-5 carpels. In Aconitum, the Wolfsbane or Monk’s- 
hood, the posterior of the 5 petaloid sepals is large and hooded ; the two pos- 
terior of the 8 petals have long claws and are covered by the posterior sepal, the 
others being inconspicuous (Fig. 211 £ c). 


Sub-family 4. Pwoniew. The perianth consists of calyx and corolla, and the 


* petals are not glandular: ovaries with numerous ovules, surrounded by a disc. 


In Paonia, the Peony, the calyx consists of 5 sepals which gradually pass into 
the foliage-leaves; the 5 or more petals are larger: the stamens are spirally arranged. . 
P. officinalis, corallina, and others are cultivated as decorative plants ; P. Moutan 
has a woody stem and a tubular disc. Fruit consists of several follicles. 


250 PART IV.—THE CLASSIFICATION OF PLANTS. 


Fam. 2. Maenotrace®. Perianth cyclic, consisting usually of three 
alternating trimerous whorls, one of sepals and two of petals : stamens 
and carpels numerous, arranged spirally: seed containing endosperm. 
Woody trees or shrubs. 

1. Magnoliee. Carpels very numerous on an elongated cylindrical receptacle : 
flowers invested by a spathoid bract ; stipules connate. Magnolia grandiflora and 
other species, and Liriodendron tulipifera (the Tulip tree) from North America, 
are ornamental trees, . 

2. Iiliciee. Carpels in a simple whorl on a flat receptacle (v Fig, 158), ll- 
cium anisatum, the Star Anise, is a native of China. 


Fam. 3. CaLicANTHACES. Flowers acyclic, perigynous. 

Calicanthus floridus is an ornamental shrub with brown aromatic leaves, 

Fam. 4. NymMpuaaces. Flowers usually acyclic without any sharp 
demarcation between the petals and the stamens ; pistil either apo- or 


syncarpous. Water-plants, generally with broad floating leaves. 

Sub-family 1. Nympheine. Carpels connate, forming a polymerous multi- 
locular ovary which may be either superior or inferior. Ovules numerous, 
placentation diffuse : seeds numerous, containing both endosperm and perisperm. 
The rhizome grows at the bottom of the water and throws up broad flat cordate 
leaves with long petioles which float on the surface. The flower also reaches the 
surface, borne on a long peduncle. 

Nymphea alba, the white Water-Lily, has four green sepals, a great number of 
white petals which, together with the very numerous stamens, are arranged 
spirally, and a semi-inferior ovary. Nuphar luteum, the yellow Water-Lily, has 
a calyx consisting of five greenish-yellow sepals ; the petals, which are smaller 
and yellow, are usually 13 in number, and form a continuous spiral with the 
indefinite stamens ; the ovary is superior. Victoria regia, a Brazilian species, 
has peltate leaves of more than a yard in diameter. 

Sub-family 2. Nelwmbiew. Ovaries numerous, distinct, imbedded in the fleshy 
receptacle : seeds solitary, without endosperm. 

Nelumbium speciosum is the Lotus of Egypt and Asia, 

Sub-family 3. Cabombew. Flowers cyclic. Ovaries numerous, monomerous, 
each with from 2 to 3 ovules attached to the dorsal suture of the carpel. Seeds 
containing endosperm and perisperm. The submerged leaves are much divided, 
the floating leaves peltate. America and the East Indies. 


Fam. 5. MENISPERMACEE. Flowers dicecious, 
cyclic ; the whorls are usually trimerous, and 
the calyx, corolla, and androecium have at least 
two whorls each. Carpels usually 3-6, distinct, 
one-seeded, but many-seeded in the sub-family 
Lardizalbee, They are tropical climbing plants 
with herbaceous stems and palmate leaves. 


Fic. 218.—Diagram of 
fiower of many of the 
Menispermacee. 


Fam, 6, BerBeRIDEXZ. Flowers hermaphrodite, cyclic, the calyx, 
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corolla, and andreecium each consisting of two di-or trimerous whorls, 
Ovary monomerous with numerous marginal ovules. Fruit capsular 
or baceate. Seed with endosperm. 

Berberis vulgaris is the Barberry ; its floral formula is K3 + 3, C3 + 3, 43 + 8, 
G+ ; the flowers are in pendent racemes, usually without terminal flowers ; when a 
terminal flower is present its formula is K5|C5|A5. Fruit an oval berry. 
The leaves of the ordinary shoots are transformed into spines (v. Fig. 12), in the 
axils of which are dwarf-shoots bearing the foliage-leaves and the inflorescences, 
Epimedium has a dimerous flower ; calyx of 1-5 whorls ; petals spurred. 

Fam. 7. Myristicez. Flowers diclinous, 
cyclic ; perianth simple, gamophyllous, 
3-lobed. Stamens 3-18 coherent into one 
bundle. Ovary monomerous, with one 
basal anatropous ovule: fruit a fleshy two- 
valved capsule. 

Myristica moschata, the Nutmeg, is a native 
of the Moluccas. The sced is invested by an 
arillus, an integument which is developed after 
fertilisation ; it has a netted or laciniate appear- 
ance (Fig. 214 a) ; it is known in commerce as 
Mace. Seed large, with much endosperm the tree, Myristica moschata. P. Peri- 
surface of which is corrugated ; the innermost ©"P» half of it removed; s, the 
layer of the brown testa closely follows all the UN Sea A a ae 
windings, and this gives the endosperm a marbled appearance. 


Fam. 8. Laurinem. Flowers hermaphrodite or polygamous, cyclic, 
usually trimerous (dimerous in Laurus) ; 
perianth simple, sepaloid, in two whorls: 
stamens 12, in four whorls ; the anthers 
open by 2 or 4 valves, sometimes in- 
trorse sometimes extrorse ; the filaments 
have glandular appendages (Fig. 215 00). 
Ovary trimerous (wrongly drawn as 
monomerous in Fig. 215), unilocular, 
with one suspended anatropous ovule. 
Fruit a berry or a drupe. Seed devoid 
of endosperm. 


These are usually evergreen shrubs with Ree a aay pa oe ae 
y gt Anthers opened, @, a; d, d, the valves ; 


coriaceous leaves ; a few, as Cassytha, are 4, 9, glandular appendages. Diagram of 
parasites resembling the Dodder in habit. Cinnamomum (ovary wrongly drawn). 


Order 12.—Crucrriora. 


Flowers cyclic and usually dimerous, with calyx and corolla: ovary 
consisting of two or more carpels, unilocular or many-chambered, 
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having often a false dissepiment but being scarcely ever truly multi- 
locular. Formula usually K2 C2 + 2, A2 + 2 orecce, G® or (2). 
Seed usually devoid of endosperm. 


Fam. 1. Papaverace®. Flowers actinomorphic, K2 C2 + 2, Ace 
G® or (cc), or rarely with trimerous whorls: calyx sepaloid, corolla 
petaloid: the numerous 
whorls of stamens al- 
ternate: ovary of two 
lateral carpels (in Fig. 
216 A they have been 
wrongly represented as 
being median) or of 
more (Fig. 216 a), 
two- or more-cham- 
bered: ovules nume- 


rous, attached to the 
Fic. 216.—Flower of Chelidonium majus (nat. size) ; k, calyx ; 4 " 
ea, outer; ci, inner petals; a, stamens; 7, stigma. A. Dia- slightly infolded edges 


gram of the flower of Chelidonium (the carpels ought to be of the carpels (parietal 
lateral) ; a, Gyneecium of Papaver. 


placentas) : endosperm 
abundant, embryo small. The sepals commonly fall off before the 
flower expands (Fig. 216 KX). Plants with abundant milky juice. 

Papaver, the Poppy, has a many-chambered ovary ; the fruit is a porous capsule 
(v. Fig. 160 D). P. somniferwm is cultivated for the sake of the oil contained in 
the seeds, and as a medicinal plant: PP. Rhoeas is common in corn-fields. 
Chelidonium majus, the Celandine, has two carpels, a siliquose fruit and orange- 
coloured milky juice. schscholtzia californica, is a cultivated plant ; it has a 
hollow receptacle, so that its flowers are almost perigynous. 


Fam. 2. Fumarrace&. Flowers ies zygomorphiec, with lateral 
symmetry: floral formula, > K2 C2 + 2, 42 + 2, G®. The three 
whorls of the perianth alternate ; one of the outer petals (rarely both) is 
furnished with a spur: the two inner stamens are not in their normal 
‘ position; each of them is divided and the two halves are displaced 
towards the outer stamens ; hence there appear to be three stamens 
on each side, a central one, with a perfect anther (the stamen of the 
outer whorl, Fig. 217 & a) and two lateral stamens, each with only 
half an anther (the halves of the stamens of the inner whorl; Fig. 
217 Baa). The fruit is siliquose and many-seeded, or one-seeded 
and indehiscent. Plants without milky juice. Seeds containing 
endosperm. 


Dielytra (Dicentra) spectabilis is a favourite ornamental plant ; both the outer 
petals are spurred, the two inner petals are hollowed at their apices so that they 
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completely close the anthers. In Corydalis cava and solida only one of the outer 
petals is spurred, the fruit isa two-valved capsule with numerous parietal seeds ; 


fy |“ 

Fie. 217.—A. Flower of Dielytra spectabilis ; one of the outer petals is removed ; s, pedi- 
cel ; ca, the outer ; ci, the inner petals; f, stamens. B, The three stamens of one side, seen 
from within ; f, filaments ; a, the middle complete anther ; a, a, the lateral half anthers. 
C, Flower-bud, with the sepals, which soon fall off, still adhering (k) (nat. size). Diagram 
of Fumitory. 


these species have a tuberous rootstock ; others as C. lutea, and awrea, have 
rhizomes. Fumaria officinalis and others (Fumitories) are common in fields ; the 
ovaries contain but few ovules and of these only one ripens toa seed ; fruit globose, 
indehiscent. 


Fam. 3. Cructrer®. Flowers usually actino- A 
morphic: floral formula, K2 + 2,C x 4,A2 + 27,G®. a 
The four petals form a whorl, alternating with 
the four sepals as if the latter formed one whorl ; 
there are, however, three perianth-whorls as in the 
two preceding families ; but whereas in them only 
the outermost whorl is sepaloid, in this family the FP ‘ 
two outer whorls are sepaloid, and the innermost, rie Pie re eeRENS pees 

ower of Cruciferz. 

which alone is petaloid, is a whorl consisting of 

four instead of two members. The two outer stamens are lateral, as 
in those families; the two inner ones, which in the Fumariacee are 
divided, are here duplicate, having longer filaments (Fig. 219 B 6 b) 
than the outer ones (a); hence the flower is tetradynamous. There 
are often minute glands at the base of the ovary (Fig. 219 B d). 
The ovary consists of two carpels with the ovules in two longitudinal 
rows on the adnate margins of the carpels; these two parietal pla- 
centas are connected by a membranous growth which, as it is not 
formed of the margins of the carpels, must be regarded as a spurious 
dissepiment (replum ) (Fig. 219 D* E*,v Fig.160 Cw). When the fruit 
opens, the pericarp splits into two valves corresponding to the carpels, 
leaving the placentas attached to the dissepiment: the seeds remain 
attached to them for some time (v. Fig. 160 C). 
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The flowers are in racemes in which the bracts are suppressed ; 
when the lower pedicels are longer than the upper ones the raceme 
resembles a corymb and then the lower flowers are usually zygomor- 
phic, the petals turned towards the periphery being larger than those 
directed towards the axis of the inflorescence, as in Iberis. 


r 

Fic. 219.—Flowers, fruits, and embryos of various Cruciferze. A. Flower of Brassica (nat. 
size); s, pedicel; k,.k, calyx; c, corolla. B. The same after removal of the perianth (much 
mag.): a, a, the taro outer short stamens ; 6, the four longer inner ones; f, the ovary ; 2, the 
stigma. C. Siliqua of Brassica: v, septum. D. Angustiseptal silicula of Thlaspi. 2. Lati- 
septal silicula of Draba. D* and E#*. Diagrammatic transverse section of the preceding : v, 
septum ;s, seed. F. Indehiscent silicula of Isatis. G@. Jointed siliqua of Raphanus Raphani- 
strum: g, style; l, l, 1, separate segments. K—dH, Diagrams of differently-folded embryos, 
with transverse sections: 7, radicles ; c, c, cotyledons. 

The form of the fruit is of importance in the sub-division of this 
order. In some genera it is much longer than it is broad when it is 
termed a siliqgua (Fig. 219 C160 C); in others, it is not much longer 
or about as long as it is broad, when it is termed a silicula (Fig. 219 
Dand E), ‘The latter is commonly somewhat compressed in one 
direction ; either parallel to the septum, that is to say laterally (Fig. 
219 H and Z*) so that the septum lis in the direction of the greatest 
diameter, when it is latiseptal, or perpendicularly to the septum, that 
is in the median plane, so that the septum lies in the narrowest 
diameter when it is angustiseptal. Fruits with only one or a few 
seeds and which are indehiscent are confined to only a few genera, 
such as Isatis (Fig. 219 F). So likewise is the jointed siliqua, which 
has transverse septa between the seeds ; when they are ripe it divides 
transversely into segments as in Raphanus (Fig. 219 @). 
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The embryo is folded in the seed in various ways; the radicle 
. may lie in the same plane as one of flat cotyledons (Fig. 219 K) when 
the cotyledons are said to be incumbent, Notorhizex (the diagram being 
O]}|) ; or, the radicle may occupy the same position, the cotyledons being 
folded (Fig. 219 J), when the cotyledons are said to be incumbent 
and folded, Orthoplocee (diagram of section ©»); or, thirdly, the 
radicle may be lateral to the two cotyledons (Fig. 219 H), when the 
cotyledons are said to be accumbent, Pleurorhizee (diagram Q=): 
more rarely the cotyledons are spirally rolled so that in a transverse 
section they are cut through twice, Spirolobew (diagram © || ||); or 
finally they may be doubly folded, and be seen four times in a section, 
Diplocolobez ; (diagram © || || || ||). The seeds contain much fatty 
oil. 


A. Siliquose. Fruit a siliqua, much longer than it is broad. 

Sub-family 1. Aranripr®. O=. Cheiranthus Cheirt, the Wall-flower ; 
Matthiola annua and incana, the Stock, are cultivated as garden plants. Nastur- 
tiwm officinale is the Water-cress. 

Sub-family 2. StsyMBrizw. QO]. Sisymbrium officinale, the Hedge-Mustard, 
is common on rubbish heaps, and Erysimum on walls, &c. 

Sub-family 3. BrassicEm. ©». The species and varieties of Brassica are 
much cultivated. Brassica oleracea is the Cabbage, with the following varieties : 
acephala Scotch kail, Cow-cabbage or Bore cole ; budlata, the Savoy cabbage ; 
capitata, the red and white Cabbage ; gongylodes or caulorapa, with the stem 
swollen at the base is the Kohl-rabi ; botrytis, with connate fleshy peduncles and 
abortive flowers is the Cauliflower ; gemmifera with numerous lateral leaf-buds, 
known as Brussels sprouts. Brassica rapa is the Turnip, with bright green 
hispid leaves and flat corymbs of flowers ; Brassica Napus, the Rape, has glabrous 
glaucous leaves and long racemes of flowers, and is cultivated for the sake of the oil 
contained in the seeds; both these species have fleshy underground stems. 
From B. rapa are derived the varieties campestris, the summer-turnip, and 
oleifera, the winter-turnip, as well as rapifera with a fleshy root, the white turnip. 
From B. Napus, are derived the varieties annua, the summer-Rape, and hiemalis 
the winter-Rape, which yield oil, and the variety Napobrassica with an under- 
ground thickened stem, the Swedish turnip. Brassica nigra and Sinapis (or B.) 
alba are the black and white Mustard. 


B. Siliculose. Fruit a silicula. 

Sub-family 4. LATIseprT#. O-=, or © ||. Cochlearia officinalis, is the 
Seurvy-grass : C. Armoracia has a thickened root, the Horse-radish. -Alysswm 
calicinum, and Draba verna (Fig. 219 #) the Whitlow-grass, are common weeds. 

Sub-family 5. ANGUSTISEPT#. Cotyledons variously folded. 

Thlaspi arvense (Fig. 219 D), perfoliatum, the Penny-cress, and Capsella Bursa 
pastoris, the Shepherd’s-purse, are common weeds. In the last mentioned plant 
the petals are not unfrequently replaced by stamens. 


C. Nucamentacee, Silicula indehiscent, few-seeded., 
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Isatis tinctoria, the Woad, has compressed pendulous fruits which are uni- 


locular and one-seeded (Fig. 219 7’) : it is used as a blue dye. 
D. Lomentacew.—Fruit a siliqua or silicula, con- 
stricted into one-seeded portions (Fig. 219 G). 
Raphanus sativus, the Radish, has a jointed 
siliqua and a fleshy napiform root; 2. Raphanis- 
trum, the Wild Radish or White Charlock, is a 


common weed. 

Fam. 4. CappartpE&. Flowers actinomor- 
phic ; formula K2 + 2, C x4, A 2 + 2? or 
oc, G” or oc: stamens only very rarely 6 and 
tetradynamous ; ovary borne on a_ special 
prolongation of the axis (gynophore) (Fig. 
220 £). Fruit a siliqua or a berry. 


Fia. 220.—Flower of Capparis : : 
om the 
spinosa (nat. size): 5, pedicel: The flower buds of Capparis spinosa fr 


k, calyx; c, corolla; a, stamens; South of Europe are known as capers. 


, \ areninnhars. 
Paptry 910) syacphors Order 13.—CusTIFLORA. 


Flowers cyclic, having both calyx and corolla, generally pentamer- 
ous and hypogynous. The calyx has imbricate eestivation: the 
stamens are usually indefinite in consequence of branching, but in 
some cases their number is only twice as great or even the same as 
that of the petals: the gyncoecium is syncarpous, the carpels usually 
fewer in number than the sepals: the ovary is uni- or multilocular, 
and no false dissepiment is ever present. 


Fam. 1. Resrpacex. Flowers zygomorphic, sepals and petals 5-8, 
the latter laciniate : stamens numerous: carpels 2-6 connate, forming 
a unilocular ovary, open at the apex, with numerous ovules on parietal 


placentas : seed without endosperm : inflorescence a raceme, without . 


bracteoles. 


Reseda luteola, the Dyer’s weed, is useful as a yellow dye; R. odorata is 
. Mignonette. 

Fam. 2. Cistinex, Flowers actinomorphic, usually pentamerous : 
the two external of the five sepals are generally smaller, and some- 
times they are absent : stamens numerous, probably in consequence of 
branching ; carpels 3 or 5, forming a uni- or multilocular ovary: 
placentas parietal: ovules orthotropous ; seed with endosperm. Trees 
or shrubs with generally opposite stipulate leaves. 

Cistus ladaniferus, creticus and other species grow in the South of Europe ; a 


balsam is derived from thern. Helianthemum vulgare, the Rock Rose, is an under 
‘shrub which grows wild in dry soils. 


Fam. 8. Bixacex. The seed of Bixa orellana, a native of America, yields an 
orange-coloured dye known in commerce as Annatto. 
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Fam. 4. Hypericinem. Formula, K5 C5 AO + 5%, G” or AO 
+ 3°°, G®).. Stamens five, branched, superposed on the petals in con- 
sequence of the suppression of an outer whorl 
of stamens which is indicated by staminodes 
in some foreign genera: ovary uni- or multi- 
locular or many-chambered : ovules numerous, 
anatropous ; placentas parietal: seed devoid 
of endosperm. Herbs or under-shrubs with 
decussate entire leaves, which are dotted over 
Fic. 221.—Diagram of Hyperi- 

with translucent oil-glands ; exstipulate. cum. 


Hypericum perforatum, hirsutum and humifuswm (St. John’s Worts) occur 
wild in woods and meadows. 


Fam. 5. Evatinez. Water plants with entire leaves; opposite or 
in whorls: flowers actinomorphic, 4-6-merous ; formula, Kn Cn An 
+nG™; solitary, without bracteoles, borne in the axils of the 
foliage-leaves. 


E. hexandra and Hydropiper (Waterworts) occur, but not commonly,in England. 


Fam. 6. TamarisciINnE®. Flowers actinomorphic, 4 or 5-merous, 
with one or two whorls of stamens: ovary usually trimerous, 
unilocular with basal or parietal ovules: capsule loculicidal: seed 
without endosperm, having a crown of hairs: flowers in racemes or 
spikes, 

The genus Tamarix is indigenous in Southern Europe ; 7. gallica has become 
naturalised in England. 

Fam. 7. TeRNsTR@MIAcEH. Perianth spiral; the calyx is not 
clearly distinguishable from the numerous bracts ; stamens indefinite : 
ovary multilocular. Trees or shrubs with scattered, generally cori- 
aceous, entire leaves, without stipules. 


Camellia japonica isa favourite ornamental shrub: Thea chinensis, of which 
the dried leaves are tea; black and green tea are varieties resulting only from the 
mode of drying the leaf. 


Fam. 8. CLustAcEaz. Trees or shrubs with diclinous flowers. 


Fam. 9. DIpTEROCARPEm. Trees; leaves usually stipulate ; the calyx en- 
larges very much during the ripening of the fruit. 
Dryobalanops Camphora, a native of Sumatra, yields the Borneo Camphor. 


Fam. 10. Vionarie#. Floral formula, A5 C5 A5 G® : flowers 
always borne laterally : ovules anatropous: placentas parietal : fruit a 
loculicidal capsule (Fig. 222 C): seed with endosperm. The indi- 
genous species have zygomorphic flowers ; the anterior inferior petal 
is prolonged into a hollow spur (Fig. 222 ¢ s) in which the nectar 

17 
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secreted by the spur-like appendages of the lower stamens collects (Fig. 
222 A fs). The sepals are produced at the base (Fig. 222 A Is ). 
Violais the Violet, Pansy, or 
Heart’s-ease ; many species, as 
V. odorata, the Sweet Violet, 
have only an underground stem 
which bears cataphyllary leaves, 
and which throws up petiolate 
foliage-leaves and _ bracteolate 
peduncles, each bearing a single 
flower: V. odorata has runners, 
but hirta and collina have none. 
Fig. 222.—Viola tricolor. A. Longitudinal section In others, as V. canina, the Dog- 
of flower; v, bracteole of the peduncle; Jl, sepals ; violet, the main stem is above 
ls, appendage ; c, petals; cs, spur of the lower petal ; ground and bears the foliage- 


J, spur-shaped appendage of the lower stamens; Jegyes. In V7. mirabilis these 
a, anthers (after Sachs). B. Ripe fruit; &, calyx, 


C. After dehiscence ; p, placentas ; s, seeds (mag.). 


two forms are so combined that 
in the spring flowers are deve- 
loped from the rhizome which have large blue petals, but which are always 
sterile; it is not till later that inconspicuous (cleistogamous) flowers with 
minute petals appear on the leafy stem and these only are fertile. In V. tricolor, 
the Heart’s-ease or Pansy, and its allies, the stipules are leafy and pinnatifid. 


Fam. 11. Drosgracem. Floral formula, K5 C5 A5 G® or® : 
flowers actinomorphic : ovary unilocular, ovules borne generally on 
parietal placentas, but they are sometimes basal. Herbs: leaves ex- 
stipulate with glandular, hair-like appendages which serve to capture 
insects (v. above Fig. 72). 

Drosera has a scorpioid inflorescence borne on a scape without bracteoles ; the 
leaves are radical and are fringed with glandular appendages, each of which is 
traversed by a fibrovascular bundle. D. rotundifolia, and intermedia, the Sun 
dews, are found on wet heaths. Aldrovanda vesiculosa is a floating water-plant . 
of Southern Europe ; its whorled leaves fold up when stimulated ; flowers solitary, 
axillary. Dionwa muscipula, Venus’ Fly-trap, occurs in North America ; it has 
leaves which likewise fold together when touched ; flowers with 10-20 stamens 
and basilar ovules. 

Fam. 12. SARRACENIACE®. Flowers actinomorphic, hermaphrodite, with 
15 or more stamens. 

The leaves of Sarracenia and Darlingtonia are adapted by the peculiar develop- 
ment of their laminz, for the capture of insects. 

Fam. 13. NEPENTHER. Flowers actinomorphic, dicecious, with a simple 
perianth. 

The pitcher-like form of the lamina of the leaf of Nepenthes is remarkable: it 
is also an adaptation for the purpose of capturing insects. 


Order 14.—CoLUMNIFER. 
Flowers cyclic, with calyx and corolla, generally pentamerous, 
actinomorphic, hypogynous. Calyx with valvate estivation, corolla 


- (Fig. 223) ; the bract (Fig. 223 h) and 
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with usually contorted estivation ; stamens originally in two whorls, 
generally branched and often connate: carpels five, often forming a 
multilocular ovary. 

Fam. 1. Tittacem. In the indigenous species the staminal 
whorl opposite to the sepals is suppressed ; stamens branched, the 
separate branches of the filament free or connate only at the base, 
opposite to the petals: anthers 2-celled, opening by pores or valves : 
ovary 5-locular, each loculus containing two ovules ; but the fruit is 
generally only one-seeded. Mostly trees or shrubs: leaves alternate, 
stipulate. 


The only indigenous genus is Tilia, 
the Lime-Tree. It has oblique leaves 
with deciduous stipules; the annual 
shoots have not a terminal bud. The 
inflorescence is cymose, few-flowered ; the 
peduncle is adnate to the leafy bract; this 
is brought about in the following manner: 
in the axil of the leaves there is usually 
a bud together with an inflorescence 


the bud-scale which is opposite to it are 
the two first leaves of the axillary shoot 
which is terminated by the inflorescence, 
the peduncle of which is adnate to the 
bract for some distance : the bud is a win- 
ter-bud developed in the axil of the above- 
mentioned bud-scale. The inflorescence 
itself terminates in a flower; other 
flowers are borne in the axils of its two 
bracteoles, and other flowers again may 
be developed in the axils of their bracte- 
oles and so on. JZ. grandifolia, the 
Large-leaved Lime, has a few-flowered in- 
florescence, and leaves which are bright 
green and downy on the under surface : 
T. parvifolia has an inflorescence which 
consists of a large number of flowers, 
and has leaves which are bluish-green 
and pubescent with red hairs on the ; ad 
: AY “4 Fic. 223.—Inflorescence of the Lime, Tilia 
under surface. TZ. intermedia, is the Gridinie tsitaench Ih b patiole and asl 
Common Lime. In the American species jary pud. Attached to the peduncle is the 
the internal branches of the stamens bract (h): k, calyx; ¢, corolla; s, stamens ; 
are staminodia. Corchorus, in the East % °vary: &n, flower-bud (nat. size). 
Indies, yields Jute, which consists of the bast-fibres. 


Fam. 2. Srercuntace®. Calyx gamosepalous: the stamens which 
are opposite to the petals are usually doubled or branched ; those 


260 PART IV.——-THE CLASSIFICATION OF PLANTS. 


which are opposite to the sepals are staminodes or they are suppressed : 
anthers 2-celled : the corolla is sometimes wanting. 
Theobromo Cacao is a tree of tropical America, the seeds of which contain a nitro- 
genous substance Theobromine and a fixed oil ; from them Chocolate is prepared. 
Fam. 3. Matvacem. Calyx usually gamosepalous, frequently in- | 
vested by an epicalyx; the corolla is adnate at the base to the 
andreecium : the andrcecium is a long tube (Fig. 224 4 s) consisting 
of five branched stamens which are opposite to the sepals; each 


Fic. 224.—A. Flower of Malva Alcea (nat. size): k, calyx ; c, corolla; s, connate stamens, 
with the anthers (a); n, stigmas. B. Fruit of Althea rosea inclosed in (k) the calyx; ak, 
epicalyx. C. The same after the removal of the calyx. D. A single loculus of the same in 
longitudinal section: s, seed ; w, radicle ; st, cotyledon of the embryo (mag.). 
filament bears only half an anther which is regarded as a unilocular 
anther (Fig. 224 A a): ovary multilocular, septicidal (Fig. 224 Cf), 
with usually one ovule in each coccus (Fig. 224 Ds). Under-shrubs or 
herbs : leaves stipulate and generally palmately veined. 

Malva, the Mallow, haé an epicalyx of three bracteoles, Hibiscus has one of 
many bracteoles, and Althea, the Marsh-mallow, has one of 6-9 bracteoles ; 
Althea rosea is the Hollyhock ; several species of Malva are indigenous, J/. 
sylvestris, rotundifolia, and moschata. Gossypium herbaceum in Egypt, G. 
arboreum and religioswm in the East Indies, and G. peruvianwm and hirsutum in 
America yield Cotton, which consists of the long hairs on the testa. 


D. Eucyclice. 


Flowers usually hypogynous, cyclic, 4-5-merous, with calyx, corolla, 
and two whorls of stamens which are isomerous with the corolla ; 
only rarely is the number of stamens greater. Gynocium syncarpous. 


> 
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Order 15.—GRUINALES. 


Flowers usually pentamerous throughout ; the carpels are opposite 
to the petals: ovary usually 5-locular with suspended ovules; the 
micropyle is directed inwards: disc wanting: formula, K5 C5 A5 + 
5 | Ge, 

Fam. 1. Grrantacem. Flowers usually 
actinomorphic : two ovules in each loculus; 
the ovary is prolonged into a beak (carpo- 
phore) (Fig. 225 A a); the fruit is septi- 
cidal from below upwards, the separate car- 
pels(cocci) rolling up (Fig. 225 5). Seed de- 
void of endosperm. Herbs; leaves stipulate. 

Geranium pratense, sylvaticum, sanguineum. 
and columbinum, the Crane’s-bills, are wild in 
England ; @. Robertianum, Herb-Robert, is uni- 
versally distributed. Erodium, the Stork’s-bill, 
has the 5 stamens which are opposite to the 
petals transformed into staminodes; £. cicu- 
tarium is common in waste places. Pelargonium, 
in many varieties, is a well-known garden plant : 
the flowers are zygomorphic, and the posterior 
sepal is provided with a spur which adheres to 
the pedicel. Fic. 225.—Fruit of Geranium. 


a A. Before, B, after dehiscence ; 
Fam. 2. LINE. Formula, K5 Cd Ad $, pedicel ; f, loculi of the ovary ; 


meee Gs Howers actinomorphic, * the beak: 1, stigma; 6, column 
of the septa (mag.). 

rarely all the whorls are tetramerous : the 

whorl of stamens opposite to the petals is replaced by staminodia : 

each loculus of the ovary contains two ovules, and is often divided into 

two by amore or less complete false dissepiment : capsule loculicidal. 

Herbs or shrubs ; leaves simple, with or without stipules. 


Linum usitatissimum is the Flax: the strong bast-fibres are used in weaving 
linen ; the seeds contain oil; the walls of the outer cells of the testa are muci- 
laginous. 


Fam. 3. Oxatipem. Flowers actinomorphic ; formula K5 C5 Ad 
+ 5,1 G®; stamens ten, connate at the base ; those which are opposite 
to the sepals are the longest: ovules numerous; fruit a capsule or 
more rarely a berry: seed containing endosperm. JHerbs, with 
compound, generally exstipulate leaves (v. Fig. 71). 


Oxalis Acetosella, the Wood-sorrel, is frequent in woods ; it contains much 
potassium oxalate. The tuberous roots or underground stems of some American 
species as O. esculenta, crenata and Deppei contain much mucilage and are used as 
food. . 
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Fam. 4. BatsamInex. Flowers zygomorphic ; formula, K5 C5 Ad 
+ 0 | G®: the posterior sepal is spurred, and the two anterior are 
small or absent: the anterior petal is large; ovary 5-locular ; ovules 
numerous ; the fruit is septifragal, the valves separate elastically and 
roll upwards, so that the seeds are projected to some distance. Herbs, 
with simple exstipulate leaves. 

Impatiens Noli-me-tangere, the yellow Wild Balsam, occurs in damp and shady 
spots ; the ripe fruit flies open with violence at a touch. Jmpatiens balsamina, 
an Indian species, is cultivated. 

Fam. 5. Tropxo0texz. Flowers zygomorphic ; formula, K5 C5 At 
+ 4, G®: the posterior sepal is prolonged into a spur; the three inferior 
petals are clawed and ciliate: the two median stamens, one belonging 
to each whorl, are suppressed : one ovule in each of the three loculi of 
the ovary. Herbs, leaves exstipulate. 


Tropeolum majus and minus, knownas Nasturtium, are universally cultivated. 


Order 16.—TEREBINTHIN &. 


i 


Flowers generally pentamerous throughout ; carpels opposite to the 
petals ; ovary usually 5-locular ; a disc between the andreecium and 
the gyneecium. 


Fam. 1. ZycopHyLLE®. Flowers actinomorphic, 5 or 4-merous. Herbs 
or shrubs with decussate, generally imparipinnate, stipulate leaves. 


Lignum Vite is the wood of Guiacwm officinale (West Indies). 

Fam. 2. Ruracez. Flowers usually actinomorphie: gynccium 
sometimes partially apocarpous, but the styles are usually connate ; an- 
thers introrse. There are numerous oil-glands on the leaves and stems. 


Sub-fam. 1. Rurem. The placentas project into the 
loculi of the ovary ; each bears 3 or more ovules: fruit 
a loculicidal capsule: seed with endosperm. Ruta 
graveolens, the Rue, has pentamerous terminal flowers, 
and tetramerous lateral flowers. Dictamnus Fraxinella 
has a zygomorphic flower. 

Sub-fam. 2. DrosmMem. Ovules 2 in each loculus : 
leaves simple. 

Barosma, Agathosma, Empleurum. 


Fie. 226.—Diagram of is 
Pig ante at Tiistamnmna: Sub-fam. 3. XANTHOXYLE®. Flowers usually dicecious 


and polygamous. 
Xanthoxylum fraxineum, from North America, is a shrub which is sometimes 
cultivated. , 
Sub-fam. 4. ToppaLiz®. Gynecium syncarpous: fruit indehiscent, winged, 
dry or succulent. 
Ptelea trifoliata is a North American shrub with white flowers. 
Sub-fam. 5. AURANTIEZ, Gynecium syncarpous : calyx gamosepalous. 
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The genus Citrus has an indefinite number of bundles of connate stamens 
(polyadelphous) (Fig. 227 A), produced by the branching of the five stamens which 


Fic. 227.—Flower and floral diagram of Citrus. A. Open ; ¢, corolla; s, the partially connate 
stamens; ”, thestigma. B. Bud; k, calyx; ¢, corolla: d, oil-glands. 


are opposite to the sepals : the carpels are usually more numerous than the petals, 
and during ripening they become filled with a succulent tissue derived from their 
walls ; the various parts of the flower and the fruit contain much ethereal oil : 
the leaves, which are typically pinnate, are reduced to their terminal leaflet, 
which is articulated to the winged petiole (v. Fig. 11 @). 

Citrus medica, and Limonum, are Lemons: Citrus vulgaris or Aurantiui is 
the Orange, derived originally from tropical Asia. 

Fam. 3. Metiacez. Stamens monadelphous ; the filaments have 
stipulate appendages ; no oil-glands. 

Mahogany is the wood of Swietenia Mahagoni (America). The wood of species 
of Cedrela is often erroneously termed ‘‘ cedar-wood”’. . 

Fam. 4. SimaruBe®. Flowers actinomorphic, sometimes dicli- 
nous: there are no oil-glands, but the cortex and wood contain a bitter 
substance. 

Ailanthus glandulosa, from China, is a tree with multijugate pinnate leaves 
and a winged indehiscent fruit ; it is often cultivated. 

Fam. 5. Burserace®. Flowers actinomorphic: gynccium syn- 
carpous ; ovary with two ovules in each loculus: there are resin- 
passages in the bast. 

Boswellia serrata (East Africa) yields Olibanum, a gum-resin ; Balsamodendron 
Myrrha yields the gum-resin Myrrh (Arabia). 

Fam. 6. TrReBINTHACES. Gyneecium of but 
few carpels ; sometimes one only is developed, the 
others being represented by two or more stigmas : 
resin-ducts present. 

Various species of Rhus are cultivated as ornamental 
plants ; in Rhus cotinus many of the flowers are abortive 
and the hairy peduncles become much elungated; A. 
coriaria (Southern Europe) is used in tanning. Péstacia 
vera, in Southern Europe, bears edible fruits; in its 
flower the petals and the stamens which are opposite to 
them are suppressed. 


Fia. 228.—Floral dia- 
gram of Rhus. 
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Order 17.—AEScuLIN-. 


Flowers usually pentamerous and zygomorphic : some of the stamens 
are usually suppressed: the disc, when present, lies between the 
corolla and the androecium : seed without endosperm. Usually trees. 


Fam. 1. Sapinpacex. Flowers usually obliquely zygomorphie, in 
that the two petals of one side are larger and of somewhat different 
form to the three others; of these, one, which lies in the plane of 
symmetry, is sometimes wanting: three stamens are usually sup- 
pressed, so that the number is reduced to seven: the ovary is trilo- 
cular ; ovules, two in each loculus. 


#isculus has opposite, palmatifid, exstipulate leaves ; 
the flowers are in terminal scorpioid racemes : the fruit has 
a loculicidal dehiscence ; Ai, Hippocastanum is the Horse- 
Chestnut, derived from *sta. 47. carnea, Al. Pavia and 
other species are frequently cultivated. A great number 
of genera and species grow in warm climates ; they have 
generally scattered pinnatifid leaves. The fleshy fruit 
of Sapindus Saponaria makes a lather with water like 
soap. 


Fic. 229.—Floral  dia- 
gram of Asculus. 


Fam. 2, AcERINE&. Flowers usually actinomorphic : stamens eight, 
in consequence of the suppression of the two median ones: ovary bilo- 
cular ; ovules two in each loculus ; when ripe the fruit splits into two 
one-seeded winged mericarps (samaras) (Fig. 230); leaves opposite, 
palmately lobed, exstipulate: flowers in terminal racemes, sometimes 
in corymbs, with an apical flower. 


The principal species of Acer, 
the Maple, are A. pseudoplatanus, 
the Sycamore, having leaves 
with crenate margins, flowers in 
elongated pendulous racemes, 
blooming after the unfolding of 
the leaves, and parallel-winged 
fruits ; A. platanoides, having 
leaves with serrate margins, 
flowers in short erect racemes 
blooming before the unfolding 
of the leaves, and fruits with 
widely diverging wings (even 
more than in Fig. 230) ; 4. cam- 
Fic. 230.—Fruit of A. platanoides, dividing into two ? id se eS Maney whieh 

maricarpa 4 f/¢, pedicel / ft, wings'(unti eize). is sometimes shrubby, with a tri- 
lobate leaf, short erect racemes 

of flowers which bloom after the unfolding of the leaves, and fruits with wings 
which are diametrically opposite. Some North American species are often culti- 


Se _ 
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vated, suchas 4. rubrum with five stamens opposite to the sepals ; 4. dasycarpum 
with the same number and position of the stamens, without any corolla, and 
having dicecious flowers; 4A. Negundo with pinnate leaves and dicecious flowers 
like those of the preceding species. Sugar is prepared from the sap of 4. nigrum 
- and dasycarpum especially. 


Fam. 3. Potyaatacem. Flowers zygomorphic ; the two lateral sepals 
conspicuously large and known as “wings” (Fig. 231 x’) ; petals three, 
the twolateral being 
absent; the anterior 
petal is very large 
and carinate: sta- 
mens usually eight 
forming a tube open 
posteriorly, to which 
the corolla, oratleast 
the anterior petal, 


; ’ Fic. 231.—Flower of Polygala grandiflora. A. Seen from 
is adnate (Fig. 231): outside after the removal of the wing-sepal. 2B. Longitudinal 


carpels two,median, MAY k, calyx ; k’, wing; c, corolla; s, tube of stamens (after 
forming a bilocular 
ovary, each loculus containing a single suspended ovule: fruit usually 
a capsule. The flower somewhat resembles that of the Papilionacee, 
but it must be borne in mind that here the two “ale” or wings 
belong to the calyx. 


Polygala vulgaris, amara and others, are herbs, woody at the base, occurring 
in woods and meadows. 


Fam. 4. Eryruroxytex. Flowers actinomorphic: petals five, 
with a ligular appendage : stamens ten, connate at the base by means 
of a dise and forming a tube: ovary 2-3 locular, with one suspended 
anatropous ovule in each loculus : seed with endosperm. 


The wood of most of the species contains a red dye. The leaves of Erythroxy- 
lon Coca is chewed by the Peruvians as a stimulant. 


Order 18.— FRANGULINA. 


Flowers actinomorphic, 4-5-merous, sometimes perigynous or 
epigynous ; one whorl only of stamens, which either alternates with or 
is opposite to the petals, is usually present: dise usually within, 
sometimes external to the andreecium: formula A5 C5 Ad or 0 + 0 
or 5, G™ or less ; the seed nearly always contains endosperm. Trees 
or shrubs. 


(a.) Formula Kn Cn An + 0, G™ or less; n=4 or 5, or rarely 6. 
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Fam. 1. CenastriNEx. Flowers 4-5-merous: stamens and carpels 
inserted on a flattened disc : usually two erect ovules in each loculus of 
the ovary : leaves scattered, entire, stipulate. 


In the genus Euonymus, the Spindle-Tree, the loculicidal capsule is invested 
by an orange-coloured arillus ; Z. ewropeus and latifolius oceur both cultivated 
and wild. 


Fam. 2. StapHyneacex. Flowers pentamerous: stamens external 
to the disc: ovules numerous, ascending: leaves decussate, pinnate, 
stipulate. 

Staphylea pinnata is grown in gardens, 

Fam. 3. Prrrospore®. Flowers pentamerous: no disc: ovules 
numerous, attached to the usually unconnected septa: leaves simple, 
exstipulate. 


Pittosporum Tobira, undulatum, crassifolium, are ornamental plants from 
Australia, 


Fam. 4. Inictinrm. Flowers 4-5 (rarely 6-)-merous ; no disc : one 
suspended ovule in each loculus of the ovary: petals often connate 
at the base: leaves scattered, exstipulate. 

llex aquifolium, the Holly, with its coriaceous, spinous, evergreen leaves, is 


common in plantations and woods: fruit a berry. The leaves known in commerce 
as Paraguay tea are derived from 7. Paraguensis in South America. 


(6) Formula Kn Cn Ao+n, & (2-4); n=4, 5, or rarely 6. 

Fam. 5. Ruamnem. Calyx usually gamo- 
sepalous: petals usually small and often 
hood-shaped (Fig. 232 c¢), enclosing the 
stamens opposite to them: flowers sometimes 
diclinous ; usually a single erect ovule in 
each loculus of the ovary, which is invested | 
by a disc ; leaves usually scattered, entire, 
stipulate : fruit a drupe ora capsule. 


ox 4 Rh . 
CER ee ee OME EDN 4 Te ttig catharticus, the Buckthorn, has opposite 
Frangula (mag.): k, calyx con- 


nate at the base into a tube (v); leavesand thorny twigs: the berries of 2. infectorius, 

c, hood-shaped petals enclosing in Southern Europe, yield a green or yellow dye: 

the stamens (q). R. Frangula has scattered leaves ; its wood produces 
a particularly light charcoal. 

Fam. 6. AMPELIDEZ. Flowers 4-5-merous: sepals small; the 
corolla is often thrown off before it opens (Fig. 233 A, c): a glan- 
dular disc between the andreecium and the gynecium: ovules 
erect, one or two in each loculus: fruit baccate. Climbing plants 
with palmate exstipulate or stipulate leaves. 


Vitis vinifera, the Grape-Vine, probably derived from the East, is cultivated 
in endless varieties ; other species, such as V. vulpina and Labrusca, as also 
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Ampelopsis hederacea, the Virginia Creeper, are also frequently cultivated. The 
tendrils of the Vine (v. p. 18, Fig. 15 4) are branches bearing scaly leaves in the 
axils of which other branches 
arise : their peculiar posi- 
tion opposite to the foliage- 
leaves may be explained 
as follows: the ordinary 
shoots are sympodia, and 
each tendril is the terminal 
segment of a member of 
the sympodium ; the fol- 
lowing member is a shoot 


Fia. 233.—Flower of Vitis vinifera, and diagram. A. At 
the moment of opening. B. Open; hk, calyx; c, corolla 
springing from the axil of gq, glands ; s, stamens ; f, ovary; 7, stigma (slightly mag.). 
the foliage-leaf which is 
opposite to the tendril. Every third leaf has no tendril opposite to it, that is to 
say, the members of the sympodium bear alternately one or two leaves. The 
inflorescences occupy the same positions as the tendrils. Each leaf has also a 
bud in its axil, which either remains undeveloped or gives rise to a dwarf-shoot : 
from the axil of its cataphyllary leaf an ordinary shoot is developed. 


E. Caliciflore. 


Flowers nearly always perigynous or epigynous, cyclic, usually 
with calyx and corolla; stamens as numerous or twice as numerous 
as the petals, or in several whorls ; gyncecium syncarpous or apocarpous. 


Order 19.—UMBELLIFLOR&. 


Flowers usually actinomorphic, epigynous, with generally a single 
whorl of stamens opposite to the sepals : calyx inconspicuous : ovary 
hilocular, with one ovule in each loculus: a disc between the stamens 
and the styles: inflorescences usually umbellate: seed containing 
endosperm : leaves exstipulate. 


Fam. 1. UMBELLIFERZ. Formula, K5 C5 A5 GG: the calyx is 
generally very small, often hardly visible ; the corolla consists of five 
rather small white or yellow petals ; occasionally the outermost petals 
of the flowers at the circumference of the umbel are larger than the 
others, and the umbel is then termed radiate: stamens five ; ovary 
inferior, bilocular : the base of the two styles is fleshy and thickened, 
forming an epigynous disc (Fig. 234 A d) ; one suspended ovule in 
each loculus of the ovary (v Fig. 148): the fruit, when ripe, splits 
into two mericarps, each loculus of the ovary being permanently 
closed by a median septum (Fig. 235 a). The structure of the pezi- 
carp is an important characteristic for the classification of the family. 
The fruit is commonly either oval in form (Fig. 235), or compressed 
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(Fig. 234 B), or nearly spherical (Fig. 234 £): its surface bears 
longitudinal ridges, (cost), five generally on each mericarp ; of these, . 


b 


m | Oe 0 


Fic. 234.—A. Flower of Feoeniculum (mag.): f, ovary; c, corolla; s, stamens; d, disc. 
B. Fruit of Heracleum: p, pedicel; g, style; r, 7, *, ridges (costa); r7, marginal ridges; 0, 
oil-ducts (vitte) (mag.). ©. Transverse section of mericarp of Carum Carui: m, surface 
that comes into contact with the other mericarp; 0, vittee; e, endosperm. Jl. Transverse 
section of mericarp of Conium. Z£. Fruit of Coriandrum: k, margins of the surface along 
which the two mericarps are in contact; 7, ridges; n, secondary ridges; F. section of a 


mericarp (mag.). 


Fie. 235.—Fruit of Carum 
Carui. A. Ovary of the flower 
(f). B. Ripe fruit. The two 
loculi have separated so as to 
form two mericarps(m). Part 


of the septum constitutes the * 


carphophore (a). 


two run along the margins (Fig. 234 B, C, D, 
rr), and the other three along the dorsal surface 
(Fig. 234 B, C, D,r). In the spaces between 
the ridges, which form furrows, lie oil-ducts 
or receptacles (vitte) v. Fig. 334 B, C, 0), 
and sometimes other secondary ridges (Fig. 
234 E, F,n). The mericarp when ripe is filled 
by the seed of which the larger part consists , 
of endosperm (Fig. 234 C, D, F, e) enclosing 
a small embryo. According to the form 
assumed by the endosperm, the following 
groups may be distinguished: the Orthosper- 
mec, in which the surface of the endosperm 
which is directed towards the plane of junction 
of the two mericarps, is flat or convex, as in 
Carum (Fig. 234 C): the Campylospermec, 
in which the endosperm is concave towards 
the same plane, as in Conium (Fig. 234 D), 
and the Celospermee in which the whole 
endosperm is curved, so that it is seen to be 


concave towards this plane both in longitudinal and in transverse 
section, as in Coriander (Fig. 234 F’). 
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The flowers, with few exceptions (Astrantia and Eryngium), are in 
compound umbels ; in some few cases, as in Daucus, there is a solitary 
terminal flower which is black in colour: an involucre and involucels 
are largely developed in some species, in others they are wholly 
wanting. The hollow stem bears large leaves with generally well- 
developed sheaths and much-divided laminz. Rarely the leaves are 
entire and amplexicaul, as in Bupleurum. 


I. ORTHOSPERMES. 


1. Umbels simple. 

Sub-fam. 1. HyprocoTyLes. Fruit laterally compressed. The genus Hydro- 
cotyle consists of marsh-plants with peltate leaves. 

Sub-fam. 2. SANICULE&. Fruit nearly cylindrical. This group includes the 
genera Astrantia and Eryngium. 


2. Umbels compound. 


Sub-fam. 8. AMMINE&. Fruit without secondary ridges, laterally compressed : 
Bupleurum, Petroselinum, Apium, Hgopodium, Carum, Cicuta. 


Sub-fam. 4. SESELINE&. Fruit without secondary ridges, circular in trans- 
verse section : Aithusa, Fceniculum, (Enanthe. 

Sub-fam. 5. ANGELICEX. Fruit without secondary ridges, compressed in the 
median plane, the lateral primary ridges winged, the wings of the two mericarps 
divergent ; Levisticum, Angelica, Archangelica. 

Sub-fam. 6. PeEucEDANE&. Fruit without secondary ridges, compressed in the 
median plane, the lateral primary ridges winged, the wings of the two mericarps 
apposed : Imperatoria, Anethum, Pastinaca, Heracleum. 

Sub-fam. 7. SrLERINE®. Each mericarp has four secondary ridges : Siler. 


Sub-fam. 8. THapstem. Each mericarp has four secondary ridges of which the 
external ones at least are winged : Laserpitium. 


Sub-fam. 9. Daucinrx. The secondary ridges are spinous: Daucus. 


II. CAMPYLOSPERMEZ. 


Sub-fam. 10. CAUCALINE&. Secondary ridges spinous : Caucalis. 


Sub-fam. 11. Scanpicex. Fruit without secondary ridges, laterally com- 
pressed, usually beaked : Anthriscus, Cherophyllum. 


Sub-fam. 12. SMyrniza. Fruit without secondary ridges, unbeaked : Conium. 


Il]. Ca@LosPpERMEA. 


Sub-fam. 13. CorIANDRE&. Fruit spherical ; secondary ridges more prominent 
than the wavy primary ridges : Coriandrum. 

Anthriscus silvestris, Carum Carui, Heracleum spondylium, A2gopodium 
Pod wraria, Pastinaca sativa, are common in meadows and woods. The following 
are cultivated: <Apiwm graveolens, Celery ; Petroselinum sativum, Parsley ; 
Daueus Caroia, the Carrot ; Pastinaca oleracea, the Parsnip; Anthriscus cere- 
Jolium, the Chervil. The following are poisonous: Coniwm maculatum, the Hem- 
lock ; Cicuta virosa, the Water-Hemlock ; <Zthusa Cynapium, Fool’s Parsley. 
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Fam. 2, Aratiace®. Flowers generally pentamerous; stamens 
sometimes more numerous; carpels more or less numerous: fruit a 
berry or a drupe. Shrubs, sometimes climbers, with scattered palmate 
leaves. 


Hedera Helix, the Ivy, does not blossom till it is some years old: the umbels 
are borne on erect branches, the leaves of which are entire. Fatsia papyrifera is 
used in Japan for making a kind of paper known as rice paper; it is made from 

the pith. 

' Fam. 3. Cornaces. Flowers tetramerous, with a dimerous bilocu- 
lar ovary : fruit usually a drupe. Shrubs with woody stems and entire 
opposite leaves. 

Cornus mas, the Cornel, has yellow flowers which bloom before the unfolding 


of the leaves, and a red fruit. C. sanguinea and stolonifera are common shrubs. 
Ancuba japonica has coriaceous leaves, dicecious flowers and a baccate fruit. 


Order 20.—SAXIFRAGINA. 


Flowers usually actinomorphic, perigynous or epigynous, some- 
times hypogynous : two whorls of stamens may be present, or only 
the whorl of stamens which are opposite to the sepals, or the flower 
may be polyandrous: the gyncecium may be isomerous, or a smaller 
number of carpels may be present, apocarpous or syncarpous ; styles 
usually free. 


Fam. 1. Crassunacez. Formula An Cn An [ + n] Gn, where 
n=3—30: flowers hypogynous or perigynous with two (rarely one) 
whorls of stamens: gyncecium apocarpous, carpels opposite to the petals, 
with a scale (disc) behind the carpels: ovules numerous, marginal: fruit 


a follicle: seed without endosperm: inflorescence usually cymose. . 


Plants with entire fleshy leaves, arranged spirally, often in rosettes. 


The genus Sedum has usually pentamerous flowers ; Sedwm acre the Stone-crop 
is common on wallsand rocks: S. maximum and others are common. The genus 
Sempervivum has at least 6-merous flowers ; S. tectorwm, the House-leek, and 
other species, Echeveria, Crassula, &c., are frequently cultivated. 


Fam. 2. Saxirracacez&. Flowers usually 4—5-merous, epigynous 
or perigynous : stamens usually in two whorls: carpels less numerous, 
usually connate below and free above : seed containing endosperm, 


Sub-fam. 1. Saxirracem. Flowers perigynous or epigynous, 
actinomorphic or zygomorphic: petals with imbricate estivation : 
two whorls of stamens, or only one (opposite to the sepals): carpels 
usually two, diverging above: inflorescence of racemose cymes: fruit 
a capsule, 
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The genus Saxifraga has a bilocular ovary, but the flower is otherwise penta- 
merous ; the receptacle invests the lower connate portion of the ovary: many 
species occur in mountainous districts, and in several of them there is a 
deposit of carbonate of lime on the margins of the leaves ; only a few species, such 
as S. tridactylites, granulata, and decipiens, occur in the plains ; S. sarmentosa is 
frequently cultivated indoors. The genus Bergenia has a free ovary (Fig. 236) ; 
B. bifolia, from Siberia, is an ornamental plant. The genus Chrysosplenium has 
a tetramerous flower destitute of a corolla; they are small plants, somewhat 
resembling a Euphorbia, occurring in damp places. 


Fic. 237.—Floral dia- 
gram of Parnassia. 


Fic. 236.—Longitudinal section of the ovary of Bergenia: g, style; n, stigmas ; p, placentas 
(mag., after Sachs). 

Sub-fam. 2, ParnassiE&. Flowers perigynous, actinomorphic ; the . 
five stamens opposite to the petals are transformed into glandular 
staminodes : petals with imbricate estivation: ovary 4-locular : 
ovules numerous: fruit a loculicidal capsule. 


Parnassia palustris has a whorl of radical leaves, and terminal aud lateral 
peduncles each bearing a single flower and adnate to a bracteole: it is frequently 
found in damp localities. 


Sub-fam. 3. Hypranaem. flowers epigynous, actinomorphic, with 
two whorls of stamens: petals with valvate estivation: leaves 
opposite. 

Hydrangea hortensis is a well-known garden-plant. The inflorescence is an 
umbellate panicle, the marginal flowers of which (in cultivated plants all of them) 


are tetramerous ; they have a very much enlarged calyx, and only the whorl of 
stamens opposite to the sepals ; they are sterile. 


Sub-fam. 4. Painaperpuexz. Flowers epigynous, actinomorphic, 
4-5-merous: stamens in two whorls, or indefinite: petals with various 
estivation : leaves opposite : fruit a capsule. 


Philadelphus coronarius, (called Syringa or Mock Orange) has sweetly scented 
flowers. Deutzia scabra, crenata, and others are cultivated. 
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Sub-fam. 5. Ripestace#, Flowers epigynous, actinomorphic, pen- 
tamerous : stamens opposite to the sepals : 
carpels two : fruit a berry : leaves scattered 
palmate: inflorescence racemose. Shrubs. 

Several species of Ribes, the Currant, are cul- 
tivated ; R. rubrum is the Red Currant, R. nigrum 
the Black Currant, R. Grossularia the Gooseberry : 


the spines of the last species are developed from 
the pulvinus. 


s y P i 

f/ Fam. 3. HamMametipem. Flowers fre- 
Fic. 238.—Flower of Ribes(mag,); (uently diclinous and apetalous ; in other 
#, pedicel; &, calyx; ¢, corolla; respects they resemble those of the pre- 
st, stamens ; 0, disc; g, styles. cedin g group. 


Hamamelis virginica is an ornamental shrub from North America, the leaves 
of which somewhat resemble those of the Hazel. 


Order 21.—PASSIFLORINA. 


Flowers actinomorphic, epigynous, perigynous or hypogynous, 
pentamerous : stamens in one or two whorls, or indefinite ; gyncecium 
syncarpous, ovary usually trimerous, unilocular: ovules numerous on 
parietal placentas. 

Fam. 1. Passtrtorace®. Flowers pentamerous, perigynous ; between 
corella and androecium there is a dise consisting of a number of 
filamentous appendages: the andrecium and the gyncecium are 
elevated upon an elongation of the axis : stamens five, opposite to the 
sepals : leaves palmate. Climbing plants. 

Several species of Passiflora, the Passion-Flower, from tropical America, are 
cultivated. 

Fam. 2. Papayace®. Flowers diclinous, hypogynous: stamens in 
two whorls: carpels five. 

Carica Papaya, the Papaw, is cultivated in the tropics on account of its edible 
fruit : its latex is poisonous. 

Fam. 3. Becontacexz. (Affinity doubtful). | Flowers diclinous ; 
the male flowers have two dimerous petaloid perianth-whorls, and 
indefinite stamens crowded together ; the female flowers are epigynous, 
the perianth consists of five petaloid leaves, the ovary is trilocular 
with numerous anatropous ovules borne on axile placentas: fruit 
a capsule: leaves often very large, usually oblique: inflorescence 
cymose, the male flowers being terminal on the first branches, the 
female terminal on the last. 


Many species of Begonia, derived from the tropics, are cultivated as ornamental 
plants. 
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Order 22.—OpuntTIN». 


Affinity doubtful. Flowers epigynous with the very numerous petals 
and stamens, and often the sepals also, arranged spirally : ovary uni- 
or multilocular : placentas parietal. 

Bam. 1. Cacrrx, Flowers acyclic with numerous sepals, petals, and 
stamens, which gradually pass into each other: ovary unilocular with 
three or more parietal placentas : ovules horizontal ; endosperm little 
or none: stems of the most various forms: leaves usually represented 
by tufts of spines. All are indigenous to tropical America, but many 
have been introduced into the eastern hemisphere. 


Mamillaria has a spherical or cylindrical stem on which tubercles, arranged 
spirally and bearing spines, represent the leaves. Echinopsis and Echinocactus 
have angular ridges on which the tufts of spines grow. Cereus has an angular, 
columnar, elongated stem. Phyllocactus and Rhipsalis have compressed leaf- 
like stems. Opuntia and Nopalea have flattened stems composed of a 
succession of flattened ovate shoots. The Cochineal insect lives on Nopalea 
coccinellifera. 


Order 23.—MyrtTIFLOR#. 


Flowers usually actinomorphic, epigynous or perigynous, with 
usually two whorls of stamens: gynoecium syncarpous with usually a 
single style: 
leaves usually 
opposite. 

Fam. 1. On- 
AGRACEZ. 
Flowers usually 
tetramerous 
throughout, epi- 
gynous: ovary 
multilocular, 
with numerous 
ovules on axile 
placentas: fruit 
a berry or a 
capsule ;__ seed 
without endo- 
sperm. Calyx 
often petaloid ; 


Fic. 239.—A. Flower of Fuchsia: s, pedicel; jf, inferior ovary ; k, 
forming a long calyx, connate at the base, forming a tube (r); a, stamens; g, style ; 

° n, stigma. B. Flower of Epilobium hirsutum (letters as before). C. 
tube (Fig. 239 Fruit of Epilobium after dehiscence; w, outer wall m, columella 
A, r ). formed by the septa; sa, seed with tufts of hairs (nat. size), 


18 
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(Enothera biennis, the Evening Primrose, occurs on river banks; the seed has 
nota tuft of hairs, and the flowers are yellow. Epilobium is the Willow Herb, of 
which many species are common; JZ. angustifolium, hirsutwm, and montanum 
occur in fields, hedges, and ditches; the seeds have a tuft of long hairs ; flowers 
red, fruit a septifragal capsule. Circceea lutetiana (Enchanter’s Nightshade) has 
dimerous flowers K2 C2 42 G(z) ; common in damp and shady spots. Isnardia 
palustris has no corolla ; its fruit is a septicidal capsule. Fuchsia (Fig. 239 A) 
many species of which are cultivated as ornamental plants, is a native of South 
America ; fruit a berry. ! 


Fam. 2. HaLoracipez, Flower perigynous or epigynous, usually 
tetramerous throughout ; stamens in two whorls: sometimes the corolla 
or the whorl of stamens opposite to the petals is wanting: seed con- 
taining endosperm. 

Trapa natans, the Water-Chestnut, a not very common water-plant of 
central Europe, has a stem bearing a rosette of leaves which float on the surface 
of the water; in the axils of these leaves the flowers are borne singly: their 


formula is K4 04 A4 G@ (®), and they are perigynous : the fruit is indehiscent, and 
the sepals remain adherent to it in the form of four horns. 


Myriophyllum verticillatwm and spicatum, the Water-Milfoils, are aquatic plants 
with finely divided leaves and small flowers borne above the water in terminal 
spikes. 


Fam. 3. Hippurmez. Flowers 
reduced, borne singly in the axils of 
the whorled leaves : the perianth is 
indicated by a projecting rim on the 
ovary, and it invests also a single 
anterior stamen: the ovary contains 
a single suspended anatropous ovule. 

Tippuris vulgaris, the Mare’s tail, 


grows in water and in damp places: the 
stem projects out of the water. 


Fam. 4. RuizopHORACES. Tropical 
trees with aérial roots, known as Man- 
groves: the seed often germinates in the 

Fic. 240.—Part of a flowering stem of fruit whilst it is still attached to the 
Hippuris vulgaris. The leaves are cut away tree, an d the primary root extends till it 
(after Sachs). 

reaches the earth. 


Fam. 5. Lyrararie&. Flowers with two whorls of stamens: 
formula An Cn An +: n G®, where n=3—16: ovary free in the 
hollow receptacle: an epicalyx formed by connate stipules is often 
present: seed without endosperm. 


Lythrum Salicaria, the Loosestrife, occurs in bogs and ditches : formula K6 
C6 AG + 6 G (2): the stamens of the two whorls are unequal in length, and the 
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length of the style also varies ; three forms of flowers are thus produced (trimor- 
phism). Several species of Cuphea, with a posteriorly spurred calyx-tube, from 
Mexico, are cultivated. 

Fam. 6. Myrtracex. Flowers 4 or 5-merous, epigynous: stamens 
often very numerous, or few and much branched (Fig. 240): seed 
without endosperm : leaves usually opposite, dotted with oil-glands. 


Fic. 242.—Flower-bud of Caryophyl- 
lus, the Clove, in longitudinal section : 
Fic. 241.—Longitudinal section of the f, the inferior ovary, with the oil- 


flower of Calothamnus: jf, ovary; s, glands (dr); sk, the ovules; k, calyx ; 
calyx ; p, corolla ; st, branched stamens ; c, corolla; sé, stamens; a, anthers 
g, style (after Sachs). g, style (enlarged). 


Sub-fam. 1. Myrrem. Fruit a berry or a drupe ; stamens indefinite. 

Myrtus communis is the Myrtle of Southern Europe ; Eugenia and Carophyllus 
are also ornamental shrubs. 

Sub-fam. 2. LeprosperMes. Fruit a capsule, dehiscing loculicidally from 
above downwards : stamens indefinite, in bundles which are opposite either to the 
sepals or to the petals (Fig. 241). 

Callistemon, Melaleuca, Metrosideros, Calothamnus and others are ornamental 
plants : Zucalyptus Globulus, from Australia, is much planted in marshy districts 
which it tends to dry up by its active transpiration. 

Sub-fam. 3. Lecyrurprx. Fruit large, woody, dehiscing with a lid, or in- 
dehiscent ; leaves scattered, without oil-glands. 

Bertholletia excelsa, grows in tropical America ; its fruits are known as Brazil 
nuts. 

Sub-fam. 4. GRANATEH. Fruit resembling a pome; leaves opposite, without 
oil-glands, 

Punica granatum, the Pomegranate, grows in Southern Europe ; flowers 5-8- 
merous ; receptacle petaloid ; stamens indefinite; in the ovary there are two 
whorls of loculi, an external superior of which the Joculi are as numerous as and 
are opposite to the petals, and an internal inferior consisting of three loculi. 


Order 24.—RosiIFLoR&. 


Flowers nearly always actinomorphic, perigynous; calyx and 
corolla usually pentamerous and alternating: stamens rarely fewer in, 
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number than the petals or equal to them, generally indefinite in 
numerous whorls: gyncecium usually apocarpous, enclosed in a 
hollow receptacle: ovules anatropous, suspended or erect; seed 
without endosperm ; leaves scattered, stipulate. 

Fam. 1. Rosacex#. Ovaries numerous, monomerous, attached to 
the base and sides of the hollow receptacle, which is narrow above (Fig. 
243 C); each contains a single suspended ovule, and, when ripe, are 
achenes enclosed in the fleshy receptacle: the sepals are frequently 
persistent at the top of it. Shrubs with imparipinnate leaves ; the 
stipules are adnate to the petiole. 

Many species of Rosa, the Rose, are wild, such as R. arvensis, canina, and 
rubiginosa, and many others are cultivated, as 2. centifolia, damascena, indica, 
rubifolia, &c. 

Fam. 2, Sprra@acex, Ovaries, monomerous, each containing two or 
more suspended ovules: they are inserted upon the floor of the flat, 
open receptacle, and become follicles; the calyx is persistent till 
the fruit is ripe. 

Spiraea Ulmaria, Meadow-sweet, Arwneus and Filipendula (Dropwort) occur 
in woods, meadows, &c., &c. ; Sp. sorbifolia, media ulmifolia, and other species, 
Kerria japonica and Rhodotypus (with drupes) are ornamental shrubs. 

Fam. 3. AmMyepaLex, A single monomerous ovary with two sus- 
pended ovules, which is inserted on the floor of the receptacle (Fig. 
243 A and 244 C); the receptacle and the calyx fall off when the 
fruit is ripe: stamens usually in three whorls of 5 or 10; fruit a 
drupe (Fig. 162 r) ; only one seed is usually present. 


Fic. 243.—Diagrammatic longitudinal sections of flowers. A. Amygdalex. B. Dryadez. 
C. Kosex. D. Pomacez: k, calyx ; ¢, corolla; jf, ovaries; n, stigmas. 


The fruit of the genus Amygdalus has a furrowed coriaceous endocarp: A. 
communis, the Almond tree, and nana, are trees of Southern Europe : A. persica, 
is the Peach. The fruit of the genus Prunus has a smooth stony endocarp : 
P. armeniaca is the Apricot ; P. domestica, is the Wild Plum ; it has an ovoid 
fruit and glabrous shoots; P. insititia is the Bullace, it has a globoid fruit and 
hirsute shoots ; P. cerasus, the Wild Cherry, has foliage-leaves at the base of its 
umbellate inflorescences ; P. aviwm, the Sweet Cherry (Gean) has only scales at 
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the base of its inflorescences: P. Padus, the Bird-Cherry, has elongated racemose 
inflorescences ; P. Mahaleb, the Damson, has fragrant bark: P. lawrocerasus, the 
Cherry-Laurel, has evergreen leaves which somewhat resemble those of the true 
Laurel ; P. spinosa in the Sloe or Blackthorn. 


Fam. 4. SANGUISORBEH. Ovaries few, often but one, monomerous, 
enclosed in the cavity of the receptacle which hardens as the seed 
ripens: ovules solitary, suspended. 

The genus Alchemilla has tetramerous flowers destitute of a corolla, the 
stamens (4 or fewer) alternate with the sepals; an epicalyx is present: A. 
vulgaris, the Lady’s Mantle, and A. arvensis, are common. The flowers of the 
genus Sanguisorba have no corolla, the stamens are opposite to the sepals, and 
they have no epicalyx ; S. officinale is common in meadows. The flowers of 
the genus Poterium resemble those of the preceding, but the stamens are in- 
definite, and they are polygamous. The flower of Agrimonia is pentamerous ; it 
has a corolla and indefinite stamens; the outer surface of the receptacle is 
beset with bristles. 

Fam 5. Dryapem. The ovaries, which are numerous, are inserted 
upon a prolongation of the axis into the cavity of the receptacle (Fig. 
243 Band 244 B); each contains 
a single ovule. The calyx is usually 
surrounded by an epicalyx formed 
by the connate stipules of the 
sepals. The stamens are usually 
indefinite, each whorl consisting of 
as many or twice as many stamens 
as there are petals. These flowers Fic. 244.—A. Flower of the Cherry; s, 


‘ * 4s . peduncle ; c, corolla; a, stamens; g, style, 
so distinguished from those of the projecting out of the cavity of the recep- 


Ranunculacew, which they some- tacle. 3B. Fruit of the Blackberry, Rubus 
what resemble by the whorled ar- Sruticosus: k, calyx; J, fleshy ovaries. 

b 
rangement of the stamens and by the presence of the hollow receptacle ; 
for in Ranunculaceous flowers the stamens are arranged spirally and the 
sepals are quite free. 


Of the genus Potentilla, which has dry fruits and a dry receptacle, many species 
are common, such as P. anserina, the Silver-weed, reptans, Tormentilla, and 
others. Fragaria is the Strawberry ; the receptacle becomes succulent as the 
fruit ripens and bears the small achenes on its surface ; F. vesca, elatior, and 
collina are found in woods; F. virginiana and other North American species are 
cultivated. The flowers of the genus Rubus have no epicalyx and the fruits are 
succulent when ripe : Rubus Idwus is the Raspberry ; its fruits separate from the 
dry receptacle when they are ripe: in R. fruticosus, the Blackberry, and J. 
ceesius, the Dewberry, the upper part of the receptacle separates together with 
the fruits when ripe. Dryas octopetala is a procumbent alpine shrub with an 
oval long-tailed fruit (resembling that of Clematis Vitalba). Geum urbanwm and 
rivale (Avens) occur in woods and damp fields ; the long style is hooked. 
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Fam. 6. Pomacnm®. Ovaries five or fewer, contained in the cavity of 
the receptacle, connate, and adnate to the wall of the receptacle 
(Fig. 243 D). The spurious fruit is surmounted by the calyx. The 
individual fruits either become hard and are like small drupes im- 
bedded in the fleshy receptacle, or they have only a thin wall, so 
that they are more like capsules, and seem to be loculi of the whole 
fruit, as in the apple for instance, where the succulent portion is 
derived from the receptacle, and the core consists of the fruits 
enclosing the seeds, which are basal, generally two in each carpel. 
Stamens indefinite : no epicalyx. Shrubs with deciduous stipules. 


I. With stony fruits. 


In the genus Cotoneaster, the fruits project above the receptacle: in Crate- 
gus, the Hawthorn, they are completely enclosed ; C. oxyacantha, the May, and 
C’. monogyna are common ; other species from the East and from North America 
are cultivated ; Mespilus, the Medlar, has a large fruit which is surmounted by 
the five large sepals. 


II. With coriaceous fruits. 


Cydonia, the Quince, has numerous ovules on the ventral suture of each carpel ; 
the outer layers of cells of the testa are mucilaginous. Pyrus has two basal 
ovules: P. communis and others are the Pear-trees ; the loculi of the spurious 
fruit seen in transverse section, are rounded towards the exterior ; the fruit is not 
hollowed at the base: P. Malus and others are the Apple-trees; the fruit is 
hollowed at the base, and the loculi, seen in transverse section, are pointed 
towards the exterior. Sorbus resembles the preceding genus; S. aucuparia is 
the Mountain Ash or Rowan-tree. Amelanchier, the Service-tree of Canada, has 
only one ovule in each loculus. 


Order 25,—LEGUMINOS. 


Flowers usually medianly zygomorphic, hypo- or perigynous, pen- 
tamerous, with calyx and corolla: stamens ten or more: ovary of a 
single anterior carpel: ovules borne on the ventral suture: fruit a 
legume or a lomentum : flowers always lateral: leaves nearly always 
compound, 


Fam. 1. Papinionacez. Flowers zygomorphic, papilionaceous. 
The five sepals, one being anterior, are usually connate, forming a tube 
above the insertion of the corolla and the andreecium : the five lobes 
are usually unequal and sometimes form two lips, the upper of three 
and the lower of two teeth: petals five, alternate with the sepals, imbri- 
cate, so that the anterior petals are overlapped by those behind them ; the 
posterior petal is much enlarged, and is called the vewillum (Fig. 245 
A, fa); the two lateral petals, which are much smaller, are termed 
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the ale (Fig. 245 A, fl) ; the two anterior petals are connate or some- 
times simply apposed, and form a hollow boat-shaped rae the keel, 
or carina (Fig. 245 A, s). Ina few 
cases the corolla is entirely or partially 
suppressed ; thus in Amorpha, only the 
vexillum is present, The ten stamens 
are either connate, forming a tube, or 
the posterior stamen may be free, so that 
the tube consists of nine stamens, and is 
Eanotaplete pestpnorly (Fig. soni A) Fic. 245.—Flower of Lotus cornicu- 
rarely the stamens are all free: they gins (somewhat mag.). 4. With one 
mostly curve upwards, and diminish in ala removed; &, calyx; fa, vexillum ; 
length from in front backwards. The © "2: ® canna 2 With the corolia 
5 : removed ; 7, tube formed by the sta- 

ovary, enclosed by the staminal tube, mens; ay the free stamen ; a, anthers ; 
consists of a solitary anterior carpel; it ” *&™* 
is often divided into two chambers by a spurious longitudinal septum, 
or by transverse septa into several chambers. The fruit. is usually a 
legume or a lomentum (Fig. 160 A), rarely one-seeded and indehiscent. 
The flowers are solitary and axillary, or in racemes. The leaves are 
only rarely entire, usually palmately or pinnately compound, with 
often large stipules (Fig. 8 C). 

Sub-family 1. Lorem. Legume unilocular, or bilocular in consequence of the 
formation of a spurious longitudinal dissepiment, usually dehiscent, many-seeded. 
Cotyledons leafy, epigzal. 


(a.) Stamens, monadelphous. 

Many species of Genista and Cytisus are common ; the leaves in the former 
genus are simple, in the latter they are usually ternate ; G. germanica has thorns ; 
C. Laburnum is a well-known flowering tree. Sarothamnus scoparius is the Broom ; 
the stigma is capitate; it is common in sandy districts. Lupinus has spongy 
septa in the legume ; L. luteus is cultivated. Ononis repens and spinosa, and 
Anthyllis Vulneraria, the Kidney-vetch are common in meadows. 


(%.) The posterior stamen is more or less free: 

Trifolium is the Clover: the stamens are partially adnate to the corolla; the 
withered corolla persists and encloses the small legume : flowers in capitula ; 7’. 
pratense, the Red Clover, 7. repens, the White Clover, and hybridwm, which are 
common in meadows, and 7. incarnatwm, from the East, are cultivated. Lotus 
corniculatus, the Bird’s foot Trefoil, with a beaked carina and spirally wound legume, 
is common in meadows. Medicago has usually a spirally-wound legume, and a 
decidus corolla; M. falcata and lupulina are common; M. sativa, Lucerne, is 
cultivated. Melilotus has a globular legume ; M alba and officinalis are common 
on the banks of the streams. Trigonella. Indigofera tinctoria, in the East Indies, 
produces Indigo. Glycyrrhiza is the Liquorice. Colutea, the Bladder Senna, 
has a swollen fruit ; C. arborescens and various species of Caragana are cultivated 
as ornamental plants. Robinia Pseudacacia, the false Acacia, is a native of North 
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America, but it has become naturalised. Amorpha fruticosa is a common shrub, 
from North America. Astragalus has a legume with a spurious dissepiment : 
very many species of it occur, especially in the East. 

Sub-family 2. Hedysurex. Legume with transverse septa, dividing into 
segments. Cotyledons leafy, epigzeal. 

Hippocrepis and Coronilla are common in meadows ; Onobrychis sativa, the 
Sainfoin, is cultivated. Arachis hypogea, the Earth-Almond or Ground Nut of 
tropical America, ripens its fruits in the earth. 

Sub-family 3. Viciew. Legume unilocular ; cotyledons hypogeal ; posterior 
stamen free ; leaves usually cirrhose, 

Vicia sativa, the Vetch, and V. Faba, the Bean, are cultivated : other species 
oceur wild. Piswm sativum and arvense, the Pea, is cultivated. Zrvwm lens, 
the Lentil, belongs to Southern Europe. Various species of Lathyrus and Orobus 
occur wild in woods ; LZ. odoratus and others are cultivated. 

Sub-family 4. Phaseolee. Legume unilocular ; cotyledons usually epigzal, 
but not leafy : leaves usually imparipinnate, frequently ternate. 

Phaseolus vulgaris, the French Bean, and P. multifiorus, the Scarlet Runner, are 
cultivated. Wéistaria chinensis is an ornamental climber. Physostigma is the 
Calabar Bean. 

Sub-family 5. Dalbergiee. Legume indehiscent ; cotyledons fleshy. 

Pterocarpus. Dipteriz odorata, the Tonka 
Bean of South America, contains coumarin in 
the seed. 

Sub-family 6. Sophoree. Stamens all free. 
Sophora japonica and Cladrastis lutea are orna- 
mental plants. Myroxylon. 


Fam. 2. CHSaLPIntez. Flower zygo- 
morphic, but not papilionaceous (Fig. 246); 
petals imbricate, so that the posterior 
Fic. 246.—Flower of a Cassia; i { 
k, calyx; ¢, corolla; a, stamens; Petal is overlapped by those anterior to 
a’, the central shorter ones; f,ovary. if; stamens ten or less, free, more rarely 
connate: the legume is frequently divided by transverse septa, and is 
indehiscent : flowers in panicles or racemes. 


Gleditschia triacanthos and other species are culti- 
vated for ornament. Cercis siliquastrum, the Judas- 
tree, has rounded leaves. The wood of Cwsalpinia 
brasiliensis is known as Pernambuco or Brazil wood. 

Fam. 3. Mimosex. Flowers actinomorphic, 
with valvate estivation: stamens ten, rarely 
fewer, frequently very numerous ; free (Fig. 
247), usually much longer than the perianth : 

legume sometimes divided by transverse septa. 
Fic, 247.— Flower of an The flowers usually grouped in spikes or ca- 
Acacia (mag.): k, calyx; ¢, ; 
corolla; st, stamens, with pitula. 


(an) anthers ; , stigma. Mimosa pudica, the Sensitive Plant, has irritable 
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leaves. Species of Acacia are numerous in Africa, Asia, and Australia. In the 
Australian species the leaves are represented by flattened petioles (phyllodes) 
which are extended in the median plane. 


Order 26.—THYMELAINA. 


Flowers actinomorphic, 4 or 5-merous: corolla usually suppressed : 
stamens typically in two whorls: ovary monomerous, with a single 
anatropous ovule, inserted on the floor of a hollow receptacle. 


Fam. 1. THymenmacez. Flowers hermaphrodite ; calyx and 
receptacle petaloid with a 4-lobed limb; in foreign genera the 
corolla is represented by small scales: the four stamens opposite to 
the sepals are inserted higher on the tube of the calyx than the four 
which are opposite to the petals (Fig. 248): ovule suspended ; fruit 
a berry. 

Daphne Mezereon, is common in woods ; the usually 3-flowered inflorescences 


are borne in the axils of the foliage leaves of the previous year, and they bloom 
before the development of the leaves of the same year. 


\o/ 


Fic. 249..Hermaphrodite flower of Ele- 


Fic. 248.—Perianth of the flower of agnus fusca. A. In longitudinal section. 
Daphne Mezereon laid open (x 5): 0, B. Floral diagram (the calyx is erroneously 
the four superior ; u, the four inferior placed diagonally, instead of medio-laterally); 
stamens, adnate to the calyx. d, dise (enlarged, after Sachs). 


Fam. 2. Ermacnacem®. Flowers diclinous or polygamous, 4 or 2- 
merous ; the corolla is absent: the stamens opposite to the sepals are 
sometimes wanting (Fig. 249 B); a disc (Fig. 249 A, d), usually 
closes the receptacle: fruit an achene, surrounded by the receptacle 
or by the whole perianth: ovule basal: the leaves are covered, 
especially on the under surface with scaly hairs. 


Hippophué rhamnoides, the Sea Buckthorn, is a shrub which is sometimes com- 
mon on the banks of streams; the smaller branches mostly terminate in a thorn ; 
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the flowers are dicecious and dimerous ; when the fruit is ripe the calyx is of an 
orange colour. Elxagnus has tetramerous polygamous flowers (Fig. 249) ; it is 
commonly cultivated. 

Fam. 3. Proteacen. Af- 
finities doubtful. Flowers 
hermaphrodite; the very 
short stamens aresuperposed 
on the four segments of the 
perianth, and are adnate to 
them (Fig. 250 B): when 
the flower opens, the tube 
of the perianth often be- 
comes still more deeply 
cleft: the ovary is usually 

Fic. 250.—Flower of Manglesia glabrata. A. Before borne upon @ prolongation 
opening. B, Open; p, segment of the perianth; of the axis (Fig. 250 C, gp). 
a, anther; n, stigma. C. Ovary below, in longitudinal } : 
section ; gp, gynophore. D, Transverse section of the Protea, Grevillea, Manglesia, 


ovary. E£. Ripe fruit (after Sachs). and others occur mostly in 
South Africa and in Australia, 


Sup-ctass IV.—GAMOPETALZE. 


Perianth always differentiated into calyx and corolla, the latter 
being generally gamopetalous ; in some cases it is suppressed. 


A. Isocarpee. 


The number of the carpels is usually the same as that of the petals 
and sepals : the ovary is usually superior. 


Order 27.—PRIMULINA. 


Flowers actinomorphic, usually pentamerous: formula A(5) (C(5) 
Ao + 5) G®: stamens inserted on the tube of the corolla and op- 
posite to its lobes: ovary superior, consisting of five connate carpels 
which are opposite to the sepals, unilocular, with a free-central placenta 
or a single central ovule. 


Fam. 1. Primutace®. Style single: ovules indefinite, on a free 
central placenta (Fig. 148 G): the corolla is gamopetalous, tubular 
below, expanding above into a 5-lobed limb which is wanting only in 
Glaux : the anthers (Fig. 251 a) are adnate to the tube of the corolla 
and are opposite to its lobes ; this position of the stamens is explained 
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by supposing that an outer whorl of stamens (which is present in the 
following order) is here suppressed: fruit a capsule. Herbaceous 
plants with conspicuous flowers. 


The genus Primula has a 5-valved dehiscent capsule, and a 5-cleft calyx. 
Primula elatior, and P. veris are the Oxlip and the Cowslip ; they are remark- 
able in that they are heterostyled ; that is, that in some flowers (Fig. 251 B) the 
style is as long as the tube of the corolla, and the stamens are situated at about 
half the height, whereas in others (Fig. 251 A) the style is only half the length 
and the anthers are inserted in the throat of the corolla: fertilisation only takes 
place when the pollen of the anthers which correspond in their position to the length 
of the styles is applied to their stigmas. The capsule of Anagallis arvensis, the 
Pimpernel, dehisces transversely (pyxidium). Cyclamen ewropeum, the Sow- 
bread, has an underground tuber; the lobes of the corolla are reflexed. 
Lysimachia has a deeply 5-cleft calyx. ‘Trientalis has usually a 7-merous-flower. 


Fic. 251.—Dimorphic flowers of Primula elatior in longitudinal section. A. Short-styled. 
B. Long styled form ; k, calyx ; c, corolla; a, anthers; f, ovary ; g, style; n, stigma. Floral 
diagram of Primula. 

Fam. 2. Myrsine#. These plants differ from the preceding in 
that the fruit is baccate and the stem woody. 


Ardisia, with red berries, is a well-known ornamental plant. 


Fam. 3. PLUuMBaGINEX. Styles five: there is a single basal ovule in 
the cavity of the ovary: flowers often small, in dense inflorescences 
with numerous bracts. 


In the genus Armeria the flowers are in capitula, which are surrounded by an 
involucre formed of the lower scarious bracts ; A. vulgaris, the Thrift, occurs on 
sandy soils, Statice, with one-sided spikes, occurs on sandy sea-shores. Plum- 
bago occurs in 8. Europe and in the East Indies. 


Order 28.—DiospyRIN&. 


Flowers actinomorphic, 4-8-merous ; formula often A4 C(4) A4 
+ 4, G®, the outer stamens being sometimes suppressed: carpels 
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opposite to the sepals: ovary multilocular with one or two suspended 
ovules in each loculus: fruit usually fleshy. 

Fam. 1, SApoTEx. Tropical trees with milky juice. 

Isonandra Gutta an East Indian tree, yields Gutta-percha. 


Fam. 2. EBENAcEm. ‘Trees ; flowers generally diclinous. 
Dyospyros Ebenum in the East Indies yields the wood known as Ebony. 


Fam. 8. Styracea, Flowers perigynous or epigynous : trees. 
Gum Benzoin is the resin of Styrax Benzoin in the East Indies. 


Order 29.—BIcornes. 


Flowers 4-5-merous : stamens usually in two whorls: carpels op- 
posite to the petals: formula An C(n) An + n | G(n), where n=4 
or 5: ovary superior or inferior, multilocular, with large projecting 
axile placentas : seed with endosperm: anthers usually appendiculate. 


Fam. 1. Ertcacem. Ovary superior; anthers generally opening 
by two pores at the top (Fig. 252 A), Ha with appendages : 
fruit a loculicidal capsule, or fleshy. 


The genus Erica has a 4-lobed corolla and a loculicidal capsule : Erica cinerea, 
Tetralix, and Calluna.vulgaris, the common Heath or Ling, occur on heaths and 
moors. Arctostaphylos Uva Ursi, is the Bearberry ; its fruitis a berry. Arbutus 
Unedo, the so-called Strawberry-tree, belongs to Southern Europe. 


Fic. 252.—A. Flower of Erica: s, pedicel; k, calyx; c, corolla; a, anthers. B. Fruit of 
Pyrola rotundifolia: s, pedicel; k, calyx; jf, fruit, the loculi of which alternate with the 
sepals ; g, style; n, stigma. .C. Flower of Vaccinium Myrtillus: f, ovary (inferior) ; k, calyx ; 
c, corolla. Floral diagram of Erica: the stamens opposite to the petals are faintly shaded. 

Fam. 2. Epacripr#. The whorl of stamens opposite the petals is 
usually wanting : the anthers open by one fissure only ; ovary superior. 


Australian plants. 


Fam. 3. Ruoporace#. Ovary superior: the anthers usually open 
by two apical pores, and have no appendages: fruit a septicidal 
capsule. 
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Rhododendron ferrugineum and hirsutwm, the Alpine Rose, are wild on the 
Continent ; other species of Rhododendron and Azalea from India and the 
southern shores of the Black Sea are cultivated. 

Fam. 4. Pyrontacem. Ovary superior: petals commonly connate 
at the base only: anthers without appendages, generally dehiscing 
transversely or by pores: fruit a loculicidal capsule: seed minute 
with an extremely small embryo, consisting of only a few cells and a 
relatively massive integument. Saprophytes containing chlorophyll. 

Pyrola rotundifolia, secunda, minor, and uniflora, the Winter-greens, are found 
in woods. 

Fam. 5. Monotrorpe®. Saprophytes devoid of chlorophyll with 
scale-like leaves, otherwise resembling the Pyrolacee. 


Monotropa Hypopitys, the Bird’s-nest, is not very common in England. 


Fam. 6. Vaccinre#. Ovary inferior (Fig. 252 C): anthers with 
appendages (Fig. 141 B), usually opening by two pores: fruit a berry. 

Vaccinium Vitis-Idea, is the red Whortleberry or Cowberry ; it usually 
blossoms and bears fruit twice in the year. V. Myrtillus is the Bilberry or 
Whortleberry, with deciduous leaves. V. Oxycoccos, the Cranberry, and V. 
uliginosum, the great Bilberry, are low shrubs occurring on moors. 


B. Anisocarpee. 


Usually only two median (or somewhat oblique) carpels. 


1. Hypogyne. 
Ovary superior. 


Order 30.—DIANDRA. 


Flowers actinomorphic, usually 2-or 4-merous, rarely 5-merous : 
stamens and carpels always two, alternate: ovary bilocular with a 
single style: two ovules in each loculus : leaves commonly decussate, 
exstipulate: formula usually A4 (C(4) A2) G®. 


Fam. 1. Oteacem. Calyx and corolla usually 4-merous, sometimes 
wanting ; corolla with valvate estivation: ovules suspended and 
anatropous: fruit a capsule, a berry, or a drupe: seed with endo- 
sperm ; stem woody : leaves always decussate. 


Sub-fam. 1. OLEINE#. Fruit a berry or a drupe. 


Ligustrum, has a baccate fruit ; Z. vulgare, the Privet, is a common shrub. 
Olea has a drupaceous fruit ; O. europea is the Olive-tree of the East and of S. 
Europe. 


Sub-fam. 2. Fraxinex, Fruit a capsule, or winged and indehiscent (samara). 
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The genus Fraxinus has a winged fruit ; in 7. ewcelsior, the common Ash, the 
perianth is suppressed and the flowers are polygamous ; in F. Ornus, the Manna 
Ash of 8. Europe, the perianth is complete, and the corolla is deeply cleft (Fig. 
253 A). The fruit of the genus Syringa is a 2-valved capsule ; the limb of the 
corolla is 4-lobed ; 8. vulgaris is the Lilac. 


Fic. 253.—A. Flower of Fraxinus Ornus (enlarged): k, calyx; c, corolla; st, stamens; 
Jf, ovary; n, stigma. B. Hermaphrodite flower of Frazxinus excelsior, the Common Ash; 
an, anthers ; f, ovary ; n, stigma (enlarged). Floral diagram of the Oleaces. 


Fam. 2. JAsMINE&. Calyx and corolla 4-5 merous; corolla with 
imbricate contorted zstivation ; ovules erect, anatropous ; fruit a cap- 
sule or a berry: seed without endosperm. Shrubs, often climbing, 
with scattered leaves, 


The flowers of Jasminum grandiflorum and other species belonging to S. Europe 
contain a very fragrant ethereal oil. 


Order 31.—ConrTortZ, \ 

Flowers actinomorphic: perianth and andrcecium usually 4-or 5- 
merous: corolla with contorted estivation (to the right): stamens 
inserted on the tube of the corolla: carpels two: leaves commonly ° 
decussate and exstipulate : formula A5 (C(5) A5) G?. 

Fam. 1. GENTIANE®.  Carpels_ perfectly 
connate forming a uni- or bilocular ovary: 
ovules parietal, numerous, anatropous: seed 
with endosperm. Usually herbs without milky 
juice: leaves almost always entire. 

Sub-fam. 1. GENTIANOIDEH#. Leaves decussate : 
corolla with contorted estivation. 

Gentiana, the Gentian, has a bilobed stigma; it 

Fic, 254.—Corolla of Ery- occurs in mountainous districts. Erythrea has a capi- 
threa Centaurium spread out: tate stigma; E. Centawriwm, the common Centaury, 
PRC dy Had, 2, 9a ens, is common in pastures. 

Sub-fam. 2. MENYANTHES. Leaves spiral : corolla with valvate estivation. 

Menyanthes trifoliata, the Buckbean, with ternate leaves, iscommon in marshes. 
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Fam. 2. Locantacem. Ovary 2 to 4-locular, each loculus contain- 
ing one or several ovules : seed with endosperm (Fig. 157 A). Mostly 
trees with opposite and usually exstipulate leaves. 

Semen Strychni or Nux vomica is the seed of Strychnos Nux vomica in the 


E. Indies, extremely poisonous. The South American Indians poison their arrows 
with the sap of the cortex of Strychnos guyanensis under the name of Curare. 


Fam. 3. Apocyns®. The two carpels are usually connate only by 
their styles which become free as they ripen: seed usually devoid of 
endosperm. Herbs or shrubs with milky juice ; leaves exstipulate. 

Nerium Oleander is an ornamental shrub. Vinca minor and other species, the 
Periwinkles, are common creeping plants, wild and in gardens. 

Fam. 4. Ascteprapea#. ‘The two carpels usually form two distinct 
monomerous ovaries: styles short, united into one stigma: stamens 
connate forming a tube sur- | 
rounding the gyneecium, having 
pouch-shaped (Fig. 255 B, ¢) and 
spur-shaped (Fig. 255 B, h) 
appendages : anthers 2-4 locu- 
lar; the pollen of each sac 
forms a mass (pollinium), and 
the masses of each pair of con- 
tiguous sacs adhere (Fig. 255 
c, p, p) and are conveyed by 
insects to the stigmas: ovules 


Fic. 255.—A. Flower of Asclepias (mag.): ¢, 
the reflexed corolla; n, stigma; h, the spurs; 
numerous, attached to the ¢, the pouches of the stamens. 3B. A solitary 


t 3d, vb HG -mas D. 
ventral suture: seed usually “°°? %* eanther. C. Pollen-masses, p and p 


without endosperm. - Generally woody plants, often climbers with 
milky juice : leaves exstipulate. 


Asclepias syriaca and other species are grown in gardens, also Hoya carnosa 
the Wax flower. Stapelia has a fleshy cactus-like stem. 


Order 32.—TUBIFLORA. 


Flowers actinomorphic, or if zygomorphic, not so in the median plane : 
flowers pentamerous: stamens epipetalous: ovary of two, rarely five, 
carpels: leaves usually scattered and exstipulate: the inflorescence is 
often cymose, with a terminal flower: formula A(5) (C(5) Ad) 
G” to (5); ' 


Fam. I. Convotyutace®. Usually two median carpels forming a 
bilocular ovary with 1-2 anatropous ovules in each loculus : the corolla 
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has usually a contorted estivation, twisted to the right: fruit a 
septifragal capsule or a berry: seed with endosperm. Commonly 
climbing plants with milky juice. 

Convolvulus arvensis, the lesser Bindweed, and Calystegia sepium, the larger 
Bindweed, the former with small bracts, the latter with large bracts which invest 
the calyx, are common wild plants. Batatas edulis is cultivated in tropical 
America for its edible tuberous rhizome, the sweet potato. 

Fam. 2. Cuscursx. Parasites destitute of chlorophyll, with 
filiform stems, which attach themselves to other plants by means of 
roots and derive their nourishment from them: the small flowers are 
arranged in fascicles (Fig. 256 6): fruit, a capsule with transverse 
dehiscence. 


Cuscuta europea, the greater Dodder, which occurs commonly on Nettles and 
Hops, is widely distributed : C. epilinum is the Flax Dodder, and C. epithymum, 
the lesser Dodder, occurs on various low-growing plants such as Clover, which it 
often destroys. 


Fic. 256.—Stem of Cuscuta 
ewropea (s), with inflorescence 
(>) winding round a stem of 
Hop (z). 


Fic. 257.—A. Upper portion of a flowering stem of Atropa Belladonna. B. Diagram of 
the same stem: 1, 2, 3, the flowers ; g and B; the bracteoles and bracts. From the axils of 
6 spring the new floral axes, along which the bract B is displaced. 

Fam. 3, PoLEMONIACER. Ovary trimerous and trilocular with one 
erect or several oblique ovules: capsule loculicidal. | Mostly herbs 
without milky juice. 

Polemonium ceruleum is Jacob’s ladder ; various species of Phlox are common 
garden plants. 

Fam. 4. Sonanace#. Ovary consisting of two obliquely placed 
carpels, bilocular, with numerous ovules attached to the septum : the 
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septum sometimes projects so far into the cells that the ovary appears 
to be quadrilocular, as in Datura: ovules campylotropous ; fruit a 
capsule with various dehiscence, or a berry: seed with endosperm. 
Herbs, occasionally woody plants, without milky juice. Inflorescence 
cymose, but complicated by the displacement of the bracts. Fig. 257 
B, for instance, is a diagram of the inflorescence of Atropa: the main 
axis which terminates with the flower 1, bears a bracteole la and a 
lateral shoot terminating in the flower 2; this springs from the axil 
of a bract 18 which however is not inserted at the base of its 
axillary shoot (the point of the arrow indicates its proper position), 
but is displaced upwards until it is close under the bracteole 2a; 
this displacement is repeated throughout the whole system of 
the cyme, so that in Atropa there are always two leaves below each 
flower, a larger one (Fig. 257 la, 2a, and so on), which is the bracteole 
of the flower, and a smaller one (Fig. 257 A 08, 18, 28, &c.), which 
is the bract from the axil of which the flowering-shoot springs. In 
other of the Solanez similar arrangements are found. Most plants of 
this order are poisonous. 


Sub-fam. 1. SoLtanem. Fruit a berry. In the genus Solanum the anthers 
are syngenesious: S. Dulcamara, the Bittersweet, has a blue flower, and 8. 
nigrum has a white flower; both are common: S. tuberoswm is the Potato-plant. 
Physalis Alkekengi, the Winter Cherry, has an inflated red calyx which encloses 
the berry. JLycopersicum esculentum is the Tomato. The fruits of Capsicum 
longum and annwuwm are known as Chili Peppers. Atropa Belladonna is the 
Deadly Nightshade ; the anthers are not syngenesious, and the corolla is cam- 
panulate ; the berries are black and very poisonous. Lyciwm barbatum is a shrub 
belonging to S. Europe which has become wild in places in the North. 


Sub-fam. 2. NicorraAnrs#. Fruit 
a 2-valved loculicidal capsule. 

Nicotiana Tabacum is the Tobacco 
plant (Fig. 1388 B). Petunia is 
commonly cultivated. 


Sub-fam. 3. DATURER. Capsule 
almost quadrilocular in consequence 
of the outgrowth of the septum, 
4-valved. 

Datura Stramonium is the Thorn- 


apple. 


Sub-fam. 4. HyoscyAMER. Cap- Fig. 258.—A. Flower of Anchusa (slightly mag.) : 
k, calyx; c, corolla; 6, the scaly appendages. B. 


sule dehisces transversely f Fruit of Myosotis (mag.): ¢, the receptacle ; m, m, 
Hyoscyamus niger is the common the four achenia ; g, the style. C. Diagram of 


Henbane. the quadrilocular ovary in trans. section: 7, the 
d 1 ; P, p, the pl tas ; s, th les. 
Fam. 5. ASPERIFOLLE (B ORA- orsal sutures ; p, p, the placentas ; s, the ovules 
GInEz). Ovary consisting of two median carpels, spuriously quadrilocu- 
19 
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lar in consequence of a constriction along the dorsal suture of each carpel 
(Fig. 258 OC, 7): the single style arises from the incurved apices of the 
carpels, and is surrounded at its base by the four loculi (Fig. 258 B) : 
each loculus contains a single suspended anatropous ovule. When 
the fruit is ripe the loculi separate completely, and appear to be four: 
achenia: seed without endosperm: the corolla usually has four 
scaly ligular appendages at the junction of the limb with the tube 
(Fig. 258 6): inflorescence cymose, scorpioid and often very compli- 
cated. Herbs or shrubs generally covered with harsh hairs and only 
rarely glabrous, e.g., Myosotis palustris. 

Sub-fam. 1. EnretrorpEm. Style at the apex of the ovary. 

Heliotropium peruvianum, a well-known garden plant with fragrant flowers. 


Sub-fam. 2, BoracinoIpEm. Style inserted between the four loculi. 

Myosotis is the Scorpion-grass ; M. palustris, the Forget-me-not, occurs in damp 
places, JZ. sylvatica in woods, and M. arvensis and others in fields. Lithospermum 
arvense (Gromwell) ZL. officinale, Echium vulgare (Viper’s Bugloss), Lycopsis 
arvensis, (Common Bugloss) Cynoglossum officinale, (Hound’s-tongue) are common 
weeds. Borago officinalis is the Borage. 


Order 33.—LABIATIFLORA. 


Flower pentamerous, zygomorphic with median symmetry: corolla 
usually bilabiate, the two posterior petals being connate and forming 
a frequently helmet-shaped (galeate) projecting upper lip, the anterior 
petal, with the two lateral petals, forming the under lip: the posterior 
stamen is usually abortive or appears as a staminode ; the two lateral 


Fic. 259.—Flowers of Scrophularines A. Antirrhinum: k, calyx; r, tube of the corolla 
gibbous at the base (2); 0, upper ; u, under lip of the corolla ; g, prominence of the under lip. 
B. Upper lip of the same, seen from within: s, the two longer anterior stamens ; s’, the short 
lateral ones; st, rudimentary posterior one. 0. Flower of Veronica: k, calyx; u, u, u, the 
three lobes of the lower lip ; 0, the lobed upper lip ; s, s, the two lateral stamens ; n, stigma. 


stamens are generally shorter than the two anterior ones, so that the 
flower is didynamous ; sometimes the two lateral stamens (Fig. 260 C’) 
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and sometimes the two anterior ones (Fig. 260 B) are abortive: in 
the perianth, suppression of the posterior sepal sometimes occurs 
usually combined with the coalescence of the two posterior petals to 


Fic. 260.—Floral diagrams, A. Of most Scrophularines. B. Of Veronica. C. Of the Lenti- 
bulariez ; 0, upper ; «, under lip. 


form an undivided upper lip (Fig. 260 2): the two median carpels 
form a usually bilocular ovary which is sometimes subdivided into four 
loculi: leaves scattered or opposite decussate, exstipulate: the 
leafy shoots have no terminal flower: the formula is generally\/X(5) 
(C(5) A5) G. 

Fam. 1. ScRopHULARINEX. Ovary bilocular with numerous anatro- 
pous ovules borne on axile placentas : seed with endosperm: stamens 
four, didynamous, often with a rudimentary fifth posterior stamen 
(Fig. 259 B, st); sometimes only the two lateral stamens are present ; 
rarely all five are fertile. 


Sub-fam. 1, ANTIRRHINERX. The upper lip of the corolla is usually outside 
the others in the bud (cochlear estivation) ; plants not parasitic. 

In the genus Verbascum, the Mullein, the flower is imperfectly zygomorphic, 
the 5 stamens are unequal in length (2 long, 8 short): V. Thapsus, the Great 
Mullein, V. Lychnitis, the White Mullein, aati V. nigrum, the Dark Mullein, 
occur on banks and waysides. Antirrhinum, the Snapdragon, has a projection on 
the lower lip of the corolla termed the palate ; the corolla is gibbous at the base ; 
stamens 4 (Fig. 259 4 B) : A. majus, the great Snapdragon is a well-known garden 
plant. Linaria has a spurred corolla ; stamens 4; LZ. vulgaris, the yellow Toad- 
Flax, is common in fields. Digitalis, ie Foxglove, has an obliquely campanulate 
(digitaliform) corolla ; stamens 4: D. purpurea is common in woods ; the yellow D. 
grandiflora is hildivated. Scrophularia has a globular corolla ; 8. Woda (Figwort) 
and S. aquatica are common. Veronica the Speed-well, has only the 2 lateral 
stamens, and the two lobes of the upper lip of the (rotate) corolla are united ; the 
posterior lobe of the calyx is suppressed (Fig. 259 C, 260 B): V. Anagallis, and 
V. Beccabunga are common in ditches, V. arvensis, agrestis, serpyllifolia and 
others in pastures and fields. In Gratiola, the Hedge Hyssop, the two anterior 
stamens are represented by staminodes. Paulownia imperialis is an ornamental 
flowering tree from Japan. Many species of Mimulus (Musk), Calceolaria, and 
Pentastemon, are cultivated. 


Sub-fam. 2. RuINANTHACEx. Corolla with imbricate estivation ; | parasitic 
plants. 
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Pedicularis has a 5-toothed calyx, and the upper lip of the corolla is galeate ; 
Euphrasia, the Eyebright, has a 4-toothed calyx : Rhinanthus, the Rattle, has a 
4-toothed inflated calyx: Melampyrum has a 4-toothed tubular calyx, and the 
capsule is few-seeded : all these plants possess chlorophyll, but they are more or 
less parasitic upon the roots of other plants. Lathrea squamaria does not 
possess chlorophyll ; it is of a pale rose colour with slightly bluish flowers ; it is 
parasitic on the roots of trees, especially of the Hazel. 


Fam. 2. BiaNoniacez. Stamens generally four, didynamous: seeds 
usually winged, without endosperm. Woody plants or climbers. 


Catalpa bignonioides is an ornamental tree from N. America. 


Fam. 3. AcanrHace®. Stamens four, didynamous : ovules few, on 
projecting placentas : seed without endosperm. Herbs. 


Acanthus mollis and other species from 8S. Europe, are ornamental plants. 


Fam, 4. Gresnrrace&. Stamens usually four, didynamous, or some- 
times two only: ovary unilocular with numerous parietal ovules, 
Generally herbs with opposite leaves. 


Columinea Schiedeana, Achimenes, Ligeria and others are ornamental plants 
from tropical America. 


Fam. 5. Oropancuez. Plants which are parasitic on the roots of 
other plants, destitute of chlorophyll, with scales instead of leaves, 
otherwise similar to the foregoing. 


Orobanche rubens and cruenta (Broomrapes) on Leguminose, Jucorwm on Ber- 
beris, Heder on Ivy, ramosa on Hem)’; mostly of a brownish or whitish hue. 


Fam. 6. Lentipunariez. Only 
the two anterior stamens are deve- 
ES _B loped (Fig. 260 C’): ovules numerous 
3 \ on a free central placenta: seed 
without endosperm. 


The numerous species of Utricularia 
are floating water-plants with finely 
divided ieaves bearing bladder-like appen- 

ali dages which serve to catch small aquatic 
Outside view: s, pedicel ; 0, entrance ; iand 6, 2 : F ; : 
bristly appendages. B. Section: v, a valve animals (Fig. 261). Pinguicula vulgaris 
opening inwards and preventing the exit of and alpina (Butterworts) are small plants 
the imprisoned animal (mag.). with rosettes of radical leaves growing in 
damp places. 


Fic. 261.—Bladders of Utricularia. <A. 


Fam. 7. Laprat#. Stamens four, didynamous (Fig. 262 4); rarely, 
as in Salvia and its allies, only the two anterior stamens are developed : 
ovary sub-divided into four chambers, as in the Boraginex, which part as 
the seed ripens into four achenia(Fig. 262 C’): the ovule in eachchamber 
is solitary and erect: seed without endosperm. Herbs with decussate 


>> 
~ 
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leaves and quadrangular stem ; the flowers are disposed apparently in 


whorls round the stem, but the inflorescence is in fact made up of com- 
pound cymes or dichasia, 
termed verticillasters, de- yl, 
veloped in the axilofeach Af# 

of the twooppositeleaves. 


Sub-fam. 1. OcyMOIDE. 
Stamens 4, descending. 

Ocymum Basilicum, the 
sweet Basil, from India, and 
Lavendula, the Lavender, 
from S. Europe, are culti- 
vated as potherbs. 


Sub-fam. 2. MENTHOIDEZ. 


Stamens 4, equal, ascending, yg, 962.4. Flower of Lamium, side view: %, calyx ; 
divergent : corolla almost o, upper; u, under lip. B. Flower of Leonurus opened : 
regular, 4- or 5-lobed. 0, upper; u, divided under lip; s, lateral lobes of the 
Many species of Mentha corolla ;. f, f, shoot; 7’, f’, long stamens (mag.). C. Ovary ; 
> . 
: n, acheenia ; g, style (mag.). 
Mint, are common. Several Gate eg) 
species of Coleus, and Pogostemon Patchouli, yielding oil of Patchouli, are culti- 
vated. Lycopus has only 2 stamens. 


Sub-fam. 38. SATUREINEH. Stamens 4, with broad connective, divergent, 
ascending. 

Origanum vulgare is the Wild Marjoram; the Sweet Marjoram which is 
cultivated is an exotic species. Thymus Serpyllum is the Wild Thyme; the 
garden Thyme is 7. vulgaris from 8. Europe. Satureia hortensis (exotic) is the 
Summer Savoy. Various species of Calamintha (stamens not divergent) are 
common, as also Clinopodiwm vulgare, the Wild Basil. 


Sub-fam. 4. MELIssINER. Stamens 4, with narrow, connective, divergent. 
Melissa officinalis, the Balm, and Hyssopus, the Hyssop, are cultivated as 
potherbs. 


Sub-fam. 5. MonarpEm. Stamens 2, ascending: one cell of each anther is 
either wanting or it is widely separated from the other. 

Salvia verbenacea, the Wild Sage, is common. Rosmarinus officinalis, the 
common Rosemary, is exotic. 


Sub-fam. 6. NerpeTEx. Stamens 4, ascending; the posterior two are the 
longer. 

Nepeta Cataria, the Catmint, occurs in hedges, and Glechoma hederacea, the 
Ground Ivy, is very common. 


Sub-fam. 7. SrAchypDEm, Stamens 4, ascending; the anterior two are the 
longer : upper lip of corolla usually arched (ringent). . 

Lamiwm album, the Dead-Nettle, and purpurewm are very common. Various 
species of Galeopsis, Stachys, Betonica, Marrubium (Horehound), Ballota, 
Melittis, and Leonurus are common. 


Sub-fam. 8. ScurELLARIZ, Stamens 4, ascending: calyx closed when the 
fruit is ripe. 
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_ In the genus Scutellaria, the anthers of the anterior pair of stamens are uni- 
locular ; S. galericulata, the Common Skullcap, and S. minor, the Lesser Skull- 
cap, are common. In the genus Prunella each fllament has a small tooth below 
the anthers: P. vulgaris is common. 

Sub-fam. 9, AsvcorpEm. Stamens 4, ascending. 


Ajuga reptans, the creeping Bugle, and Teucriwm Scorodonia, the Wood 
Germander, are common. 


Fam. 8. VERBENACEX. Stamens four, didynamous, or two: ovary 1 or 
2-locular, with two ovules in each loculus, or spuriously 2 or 4-locular in 
consequence of the presence of false dissepiments, with one ovule in 
each loculus: the fruit separates into 2-4 segments (achewnia) : style 
terminal : leaves usually opposite, exstipulate. 

Verbena officinalis, the Vervain, is common.on waste ground and roadsides : 


V. Aubletia is a common gardén plant. Tectona grandis, the Teak tree of the E. 
Indies, has a hard wood used in ship-building. 


Fam. 9. GLopuLarie®. Stamens four: ovary unilocular, with one 
suspended ovule: style lateral: seed with endosperm: leaves 
scattered, inflorescenee capitulate. 


Globularia vulgaris and cordifolia with radical leaves occur here and there in 
dry places on the Continent. Selago. 


Fam. 10. PLANTAGINES. 
Flowers actinomorphie and ap- 
parently tetramerous, but the 
true interpretation of them is 
deduced from those of Veronica: 
the posterior sepal is suppressed, 
as also the posterior stamen ; the 
two posterior petals cohere to 
form an upper lip which is quite 

Fic. 263.—Flower of Plantago: @, axis of the gimilar to one of the lobes of 
leony ears & eo SIT: the threolobed lower ip sta 
diagram, o is the upper, and w the under lip. mens four, the two anterior not 
being suppressed : ovary unilocular or spuriously 2-4-locular ; placenta 
parietal: fruit a capsule with transverse dehiscence, or an achenium : 
seed with endosperm. 


Plantago lanceolata (Ribwort), major, media, the Plantains, are weeds uni- 
versally distributed. The leaves form a rosette just above the root, and the long 
seapes spring from their axils bearing simple spikes (Fig. 263 a, d/. In P. Cynops, 
Psyllium and others the main stem is elongated : the testa of the seed is mucil- 
aginous. In Litorella lacustris the flowers are moncecious ; it grows on the bottom 
of shallow waters : fruit 1-seeded, indehiscent. 
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2. Epigyne. 


Order 34.—CAMPANULINA. 


Flowers actinomorphic or zygomorphic, pentamerous: sepals leafy 
and narrow : stamens usually free from the corolla, but often connate : 
ovary of two to five carpels, inferior : formula, X5 C(5) A(5) Goto 6. 

Fam. 1. CampanvuLace®. Flowers hermaphrodite, usually actino- 
morphic: stamens five, often connate at the base: ovary usually tri- 
locular, with numerous ovules ; placentation axile: fruit a capsule : 
seed with endosperm. Mostly herbs with milky juice. 


Fra. 265.—Floral diagram of Lobelia: a, 
gyneecium of Lobelia. 


Fic. 264.—Andreecium and gynecium of Campanula: f, inferior ovary; c, insertion of the 
corolla ; a, anthers ; 6, expanded base of the stamens: , stigmas (mag.). 


Campanula rotundifolia, the Hare-bell, glomerata and other species are com- 
mon in fields, on heaths, &c., &c.: C. media is the Canterbury-bell cultivated in 
gardens. Phytewma orbiculare, spicatum, the Rampions, are indigenous in parts 
of England ; the flowers are in capitula, and the calyx is déeply 5-cleft with 
spreading teeth : nearly allied is the genus Jasione ; J. montana, the Sheep’s-bit, 
is common in England. Specularia has 
a rotate corolla; 8. speculum, Venus’s 
Looking-glass, is cultivated. 

Fam. 2. Lopenracem. Flowers 
hermaphrodite, zygomorphic (Fig. 
266): the corolla is commonly 
gamopetalous, forming a_ tube 
which is more or less cleft on one 
side, and the limb is divided 
into two lips, the lower one : 
consisting of three lobes (Fig. 266 i eee wate pate 
A, u) and the upper of two smaller s, stamens. 3B. Andrecium and gynccium 
ones (Fig. 966A 0) - at their first of the same: sr, tube formed by the stamens ; 

’ ah an, anthers (mag.). 
formation the position of these 
parts is exactly the reverse, but in the course of development the 
pedicel undergoes torsion, so that those parts which are originally 
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posterior become anterior, and vice-versa: anthers syngenesious (Fig. 
266 B, sv) and unequal in consequence of the zygomorphic structure 
of the flower: ovary, 1, 2, or 3-locular, with numerous anatropous 
ovules: fruit a capsule: seed with endosperm. Herbs or shrubs 
usually with a milky juice. 

L. Dortmanni, the Water Lobelia, and Z. wrens, the acrid Lobelia, occur in 
some parts of England. 

Fam. 3. CUCURBITACEA. 
Flowers diclinous or polyga- 
mous, actinomorphic: corolla 
of five petals: stamens five, 
but two pairs cohere, so that 
there appear to be but three 
(Fig. 267, diagram);sometimes 
there is only one short one 
with a large sinuous anther : 
ovary inferior, unilocular, or 
spuriously multilocular, with 
one or (more often) many 
ovules: fruit baccate (a pepo or 
a succulent berry), often of 
great size, with a relatively 
thick and solid epicarp: seeds 
without endosperm. Herbs 


‘*VVVT TOTO VO NOTIID 


Fic. 267.—A. Longitudinal section of female 
flower of Cucumis: /, ovary; sk, ovules; k, calyx; 
C, corolla; n, stigma; st’, rudimentary stamens, 
B. Longitudinal section of male flower: st, stamens ; 
n’, rudimentary ovary; the corolla (c) is not all 
shown (somewhat mag.). Floral diagram of Cucur- 
hita. 


with scattered leaves, often 

climbers, the tendrils growing 

by the side of the leaves. 
Cucurbita Pepo, is the Pumpkin: 


the genus Cucumis has free sta- 
mens ; Cucumis sativa, is the 


Cucumber, and ‘Cucumis Melo is the Melon: Citrullus vulgaris is the Water 
Melon. The genus Bryonia has a small white corolla, the loculi of the ovary 
are 2-seeded, and the fruit is a succulent berry ; B. sisi is common in shrubs 
beries and hedges, 


Order 35.—AGGREGATA, 


Flowers actinomorphic or zygomorphic, 4-or 5-merous : calyx incon- 
spicuous, often altogether suppressed: stamens commonly inserted 
on the tube of the corolla: ovary inferior consisting of 2-5 carpels: 
the flowers are generally collected into capitula: general saat, 


An or 0, C(n) An G@ to @, where n=4 or 5, 
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Fam. 1. Rupracem. Flowers actinomorphic, 4-or 5-merous : calyx 
leafy or suppressed : corolla with valvate estivation: ovary 1- or 2- 
locular, consisting of two carpels, 1- or many-seeded : seed usually con- 
taining endosperm : 
leaves decussate, sti- 
pulate: stipules fre- 
quently segmented 
(always in the indi- 
genous genera) and 
quite similar to the 
true leaves (Fig. 268 
A, n, n): the true 
leaves are distin- 
guished by the bran- 
ches which arise in 
their axils (Fig. 268 © 
Biff, 2 3)«. 

Sub-fam.1. STELLATA. 
Stipules large and leafy. J 

Galium, Bedstraw, has NY \ 
a rotate corolla and i \ 
an inconspicuous calyx, A ® \\ 
usually tetramerous: G. Fic. 268.—A. Portion of a stem of Rubia tinctorum: f, f, the 
verum, Mollugo, Apa- decussate leaves with the young shoots (s, s) in their axils ; 
rine, and others are ™”% the segmented stipules resembling the leaves (nat. size). 


B. Flower (mag.): jf, ovary; &, calyx (rudimentary); ¢, 
corolla; a, anthers ; ”, stigma. 


common in hedges and 
pastures. Asperula has 
au infundibuliform corolla, but in other respects the flower resembles that 
of Galium; A. odorata, the Wood-ruff, is common. Rubia tinctorwm, the 
dyer’s Madder, has a pentamerous flower, a rotate corolla, and a baccate fruit ; it 
is used in dying and largely cultivated ; it is indigenous in Southern Europe and 
the East; it is closely allied to the British species R. peregrina, the Wild 
Madder. Sherardia has a conspicuous calyx ; S. arvensis, the Field Madder, is 
found in cultivated and waste places. 


Sub-fam. 2, CorrEAcex. Stipules scaly : loculi 1-seeded. 


Coffea arabica, the Coffee-tree of Africa, is grown in the tropics ; the fruit, a 
berry, contains one or two seeds ; the so-called coffee-bean is the seed which con- 
sists of endosperm and contains asmall embryo. Cephaelis yields Ipecachuana. 


Sub-fam. 3. CrncHonex. Stipules scaly ; loculi many seeded. 


Various species of Cinchona, indigenous to the eastern slopes of the Andes, but 
cultivated in Java and the East Indies, yield the cinchona-bark from which 
Quinine is prepared. 


Fam. 2. Caprivoti1ace&. Flowers usually pentamerous, actinomor- 
phic or zygomorphic : corolla usually with imbricate estivation ; ovary 
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2-5-locular : ovules pendulous: fruit baceate; seed with endosperm : 
leaves opposite, usually exstipulate. Mostly trees or shrubs. 


Sub-fam. 1. SAMBucE#. Corolla rotate, usually actinomorphic ; one seed in 
each loculus. 


Sambucus has a 5-partite corolla, and 8-5 seeds in the berry; S. nigra is the 
Elder. Viburnum has a 5-partite corolla and 1 seed in the berry ; V. Lantana 
and V. opulus, the Guelder Rose, are common ; a form of the last species is culti- 
vated, in which all the flowers (and not merely those at the circumference of the 
corymb as in the original species) have large corollas, and are barren. Adowa 
moschatellina is a small plant occurring in damp woods ; the stamens are branched. 


A 


® ; 
Fic. 269.—Floral diagram of 
Caprifoliaceze. A. Leycesteria : a, 


gyneecium of Lonicera: 0, of 
Symphoricarpus. 


Fic. 270.—Flower of Lonicera Caprifolium: f, ovary ; k, calyx ; 7, tube; ¢, ¢, the five lobes of 
the limb ; st, stamens; g, style; n, stigma. 


Sub-family 2. LonicErE#. Corolla tubular, usually zygomorphic: loculi con- - 
taining several ovules. 


Lonicera, the Honey-suckle, has 2-8-locular ovary ; L. Caprifoliwm and Peri- 
clymenum, with a climbing stem, are well known garden shrubs ; in many species 
the fruits of two adjacent flowers grow together to form a single berry (¢.g., L. 
alpigena). Symphoricarpus racemosus, the Snowberry, has a 4-5-locular ovary 
and white berries ; it is a common ornamental shrub. Diervilla has a bilocular 
capsule ; D. Canadensis and rosea are ornamental shrubs. Linnaea borealis is a 
small creeping plant in Norway and in the Alps. 


Fam. 3. VALERIANEX. Flowers zygomorphic or irregular, originally 
pentamerous: calyx wanting, or sometimes assuming the form of a 
hairy corona of ten rays, called a pappus, which is not developed until 
after flowering (Fig. 271, B, p), during flowering it remains short and 
infolded (Fig. 271 A, x): only three stamens are usually developed : 
carpels three, forming a trilocular ovary, of which, however, never more 


wm a 
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than one loculus developes ; ovule single, suspended. (Diagram, Fig. 
271): seed without endosperm : leaves decussate, exstipulate. 

Valeriana officinalis, and dioica, 
are common in damp places. Va- 
lerianella has a toothed calyx-limb, 
many species are common in fields : 
Valerianella olitoria, Cornsalad, or 
Lamb’s lettuce, is eaten. Centranthus 
ruber is an ornamental plant; only 
one stamen and one carpel are deve- 
loped (Fig. 271, Diagram B) ; at the 
base of the tube of the corolla is a 
spur which is indicated in Valeriana 
by a protuberance. 

Fam. 4. Dipsacez, Flower 
originally pentamerous, and sur- 
rounded by an epicalyx (Fig. 
272 k’) formed of connate 
bracteoles : calyx often plumose 
or bristly (Fig. 272 &): corolla 
bilabiate: stamens only four, the 
posterior one being suppressed : 
ovary unilocular withone suspen- 
ded ovule: seed with,endosperm: 
leaves decussate, exstipulate : 


NEY: |) 
On | 


: ’ Fic. 271.—A. Flower, B. Fruit of Valerian ° 
flowers in a dense capitulum y, ovary; &, calyx; ¢, corolla; a, spur; st, sta- 


surrounded by an involucre: ™®?s: I, style; p, pappus. Floral diagrams, 4, 
of Valerian; B, of Centranthus. 

the outer florets are usually 

ligulate: the receptacle may or may not bear scaly bracteoles: fruit 

invested by the epicalyx which is cleft longitudinally. 

Dipsacus, the Teazle, has a calyx without bristles ; the capitula of Dipsacus 
Fullonum are used in finishing woollen cloth, for the sake of the strong hooked 
spines of the bracts: D. silvestris is common on waste ground. Scabiosa has 
pales, and the projecting limb of the epicalyx is dry ; S. Colwmbaria is common 
in pastures. In Succisa the limb of the epicalyx is herbaceous ; S. pratensis 
occurs in damp meadows. Kneutia has palee ; epicalyx entire ; K. arvensis 
is common in fields, 


Fam. 5. Composirm,. The flowers are always collected into many- 
flowered capitula (sometimes only 1-flowered): in the same head, 
hermaphrodite, female, and asexual flowers generally occur: ovary 
inferior, unilocular, with a basal, erect, anatropous ovule: the calyx is 
rarely present in the form of small leaves or scales (Fig. 275 D, p) ; 
more commonly it is a crown of simple or branched hairs (Fig. 273 p, 
and 275 A, £, p), and is not developed till after the flowering is over 
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it is termed the pappus: sometimes the calyx is wholly wanting ‘ 
corolla tubular, either regular, and 5-toothed (Fig. 273 A, ¢, 275 C, 
m, c), or expanded at the upper end into a lateral limb with 3 or 5 
teeth (Fig. 273 B, 275 B, ra), (Fig. 275 A, c), when it is said to be 
ligulate : the stamens are short, inserted upon the corolla (Fig. 273 | 
A, st); the anthers are elongated and syngenesious, forming a tube | 
through which the style passes (Figs. 273 A, a, 275 A, a): this is 
bifid at its upper end (Figs. 273 A, n, 275 A and C n): on each of 
these branches the stigmatic papille are arranged in two rows: in the 
wholly female flowers the styles are usually shorter (Fig. 273 B, g) : 
. Fruit an inferior achene (cypsela), crowned by the pappus (Fig. 275 # 
and D,) when this is not wholly wanting (Fig. 275 F, f): sometimes the 
fruit has its upper end prolonged into a beak, and its surface is 
covered with ridges or spines (Fig. 275 Z, h) : seed without endosperm, 

Usually herbs with scattered (more rarely decussate), exstipulate 
leaves, often with milky juice. The capitula are always surrounded 
by a number of bracts forming an involucre (Fig. 275 B, 7). The 
scaly bracteoles of the individual florets (pales) may be present or 
wanting (Fig. 275 C, d). 

The Composite are classified according to the form of the flowers 
and to the distribution of the sexes in the inflorescence. 


Fic. 274.—Floral dia- 


Fie. 272.—Flower of gram of Composite. 


Scabiosa (mag.); f, ovary ; 
k’, epicalyx (long. sect.) ; 
k, calyx; c, corolla; st, 
stamens ; 7, stigma. 


Fic. 273.—Flower of Arnica (mag.). A. Floret from the centre (disc) (longitudinal sect.). 
B. Marginal floret (ray); f, ovary; p, pappus; c, corolla; a, anthers; n, stigma; g, style; 
s, ovule. : ; 
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; 

Sub-fam. 1. Tusutiritorm. The capitula either consist entirely of herma- 
phrodite tubular florets (by tubular flowers are meant those with a regular 
5-toothed corolla) or the central florets (florets of the disc) are tubular and 
hermaphrodite, whereas the florets of the ray are ligulate and female or asexual, 
and form one or two rows (Fig. 272 B, 273 B, ra). 


Fia. 275.—Flowers of Composite: f, fruit or ovary; h, its beak; p, pappus; c, corolla; 
s, stamens; vn, stigmas. 4d. Ligulate flower of Taraxacum, with a 5-toothed calyx-limb, 
hermaphrodite. B. Capitulum of Achillea (mag.): ra, floret of the ray, with ligulate 3-toothed 
corolla, female; m, hermaphrodite florets of the disc, with a 5-toothed tubular corolla ; 
i, involucre. C. Longitudinal section more highly magnified: 7, receptacle; 7, involucre ; 
d, bracteoles (paleze) ; ra, floret of the ray ; m, floret of the disc; n’, stigmas of the female 
flowers. D. Fruit of Tanacetum, with a scaly pappus. #, Of Taraxacum, with a hairy 
pappus. F. Of Artemisia, without a pappus (mag.).. 


Tribe 1. Euparortace&., The branches of style narrow ; papille extending 
to the middle. 


Eupatorium Cannabinum, Petasites officinalis, the Butter-bur, T’ussilago Fur- 
Jara, the Coltsfoot, are common in damp places. 


Tribe 2. AsTEROIDEA. Branches of the style hairy above, papille extending 
to where the hairs begin. Many species of Aster, belonging chiefly to N. America, 
are cultivated as ornamental plants, as also Callistephus Chinensis, commonly 
known as the China Aster. Zrigeron acer and canadensis, the latter is an imported 
weed. ellis perennis, the Daisy, is universal. Inula Heleniwm is the Ele- 
campane. Solidago, the Goiden Rod. 


Tribe 3. PRMROION IDE, Branches of the style tufted at the tips. 
¢ 
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Senecio vulgaris, the Groundsel, is universal as a weed. Arnica montana 
occursin alpine woods. Artemisia Absynthium, Wormwood, A. vulgaris and cam- 
pestris are common. Chrysanthemum Leucanthemum, the Ox-eye Daisy, iscommon 
in fields. JMMatricaria Chamomilla, the Wild Chamomile, has a hemispherical 
hollow receptacle destitute of palee. Anthemis nobilis, the Common Chamomile, 
has a receptacle bearing pales, as also A. arvensis, the Corn Chamomile. Achillea | 
Millefolium is the Milfoil. Tanacetwm vulgare, is the Tansy. Helianthus | 
annuus, is the Sunflower; oil is extracted from the seeds; the tubers of Z. 
tuberosus, a West Indian species, are rich in inuline, and serve as a vegetable and 
for fodder (Jerusalem Artichokes). 


Tribe 4. Cynarea&, Style thickened below the branches Thistles, leaves 
generally armed with thorns. 5 


Lappa (Arctium) major, minor, tomentosa, the Burdocks, are common by road- 
sides ; the leaves of the involucre are hooked and spinous. Cardwus nutans and 
arcanthoides are Common (true) Thistles : Cirsiwm lanceolatum, palustre, olera- 
ceum, rivulare (Plume-thistles), are common in damp districts. Carlina 
acaulis is the Carline ; the inner leaves of the involucre, which are white, fold 
over the flower head under the influence of moisture, but in drought spread widely 
open. Centaurea scabiosa, jacea, the Knapweeds, are common everywhere: C. 
Cyanus is the Corn-flower or Blue-bottle, occurring in wheat fields. Cynara 
Soclymus is the Artichoke ; the flower buds are eaten as a vegetable. Carthamus 
tinctoria, the Safflower, is used in dyeing. In Echinops, the Globe-Thistle, 
(exotic), numerous one-flowered capitula are collected inte one large spherical 
head. 


Sub-fam. 2. LABIATIFLOR”. Hermaphrodite florets with a bilabiate corolla ; 
the male and female florets have a ligulate or a bilabiate corolla. §. American. 


Sub-fam. 3. LIGULIFLORA ( Cichoriaceee ). All the florets are hermaphrodite ; 
limb of the corolla 5-toothed and ligulate (Fig. 275 A). 


Taraxacum officinale, the Dandelion, is the commonest of wild flowers. Lactuca 
sativa, is the Lettuce. JL. Scariola, virosa, and others, are common in waste 
places. Scorzonera hispanica is eaten as a vegetable. Tragopogon porrifolium, . 
the Salsafy, and 7. pratensis, the Goat’s beard, are common. Cichorium Intybus, 
the Chicory, is found by roadsides ; the roasted roots are mixed with Coffee: C. 
endivia (Endive) is a vegetable. To this group belong also the genera Hieracium, 
Sonchus, Crepis, Lapsana. 
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Table giving the Classification of Angiosperms usually followed in 
England, and showing its relation to that adopted in this work. 


DICOTYLEDONS. 


Division I. PotyprTaL® Sepals and 
petals usually present; petalsdis- Sub-class. ELEUTHEROPETALS. 
tinct, rarely absent or united. 
Series I. Thalamiflore. Calyx, corolla 
and stamens, usually free and hypo- 
gynous. 
Order. Ranunculacee. 
»  Magnoliacee. 
»  Menispermacez. ea Aphanocyclice. Order. Polyearpice. 
»  Berberidacecze. 
» Nympheeacee. 
»  Papaveracese. 
»  Fumariacee. 


J 
] 
i Se ES 5 », Crucifloree. 
»  Capparidacess. | 
»»  sarraceniacess.- | 
»  Resedacee, | 
5 Bixacez. | 
»,  Cistacese. 
»  Droseracee. 
»  Violaceee. | ms 
5»  Lamaricacese. f % ss sary | Castiflored, 
»  Ternstroemiacee. | 
»  Clusiacezee (Gut- | 
tiferse). 
55  Hypericacere. | 
»  Hlatinacez. J 
»  Malvacesze. 
»  sterculiaceas. s mA 5 Columnifere. 
»  Tiliaceee. 
»  Caryophyllacee. ,, Centrosperme. », Caryophylline 
(part of). 


20 
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Order. Sapindaceze?’ 


” 


Aceracese. 
Polygalaceze 
Erythroxylacese. 
Linacese. 
Oxalidacese. 
Geraniaceze. 
Balsaminacee. 
Tropeeclaceze. 
Zygophyllaceas. 
Rutaceze. 
Xanthoxylacee. 
Simarubacew. 
Meliaceze. 
Aurantiacess. 
Vitaceze. 
Pittosporacese. 


| 
: 
J 
| 
c 
| 
J 
| 
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Series 2. Calyciflore. Flowers perigynous 


or epigynous. 


Order. Celastracese. 


) 


” 


Rhannaceee. 
Terebinthacese 
(Anacardiaceze), 


Leguminosee. 
Rosaceee. 
Myrtaceee. 
Rhizophoracez. 
Onagracee. 
Lythraceee. 
Papayacee. 
Passifloraceee. 
Begoniacez. 
Cactaceee. 
Saxifragaceee. 
Crassulaceee. 
Ribesiaceze 


(Grossulariaceee) 


Hamamelidaceze 
Umbelliferee. 
Araliaceee. 
Cornaceze. 
Paronychiaceee. 
Portulacacese. 


Mesembryantha- 
ceso ( Aizoaceze), 


, 


a ——H+~- 


——_ — ~~ Ve 3 


bP] bs 


»> 9 


“ 


, Calicrflore. 


” +B) 


,, Centrosperme. 


) 


9 


> 


i Ht] 


” 


Series. Eucyelice. Order. Aisculines. 


Gruinales. 


Terebinthinee 
of). 


Franguline. 


Frangulinee. 


Terebinthinee 
of), 

Leguminosee. 

Rosifloree. 


Myrtifiore. 


Passiflorinee. 


Opuntinee. 


Saxifraginee. 


Umbelliflore. 


(part 


(part 


Caryophylline (part 


of). 
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Division II. GAMOPETALH (Corolliflore ). 
Corolla gamopetalous. 
Series 1. Hpigyne. Ovary inferior. 
Series Anisocarpew epigyne. 


Sub-class GAMOPETAL&, 


Order. Caprifoliaceee. 

»,  Rubiaces. 

»,  Valerianaces. +} ,, A Order, Aggregate. 
»,  Dipsacese, | 

», Composites. 

»,  Lobeliaces. 


», Campanulacese. as a »,  Campanuline. 
Series 2. Hypogyne v. Perigyne. Ovary 
superior : (inferior in Vaccinies). 
Order. Ericacez. ,, Lsocarpec. ,,  Bicornes. 
»,  Plumbaginacee. 
»,  Myrsinee. } ae 7 »,  Primuline. 
»  Primulacez. 
»  Sapotaceee, ) 
»  Ebenaceze. 4 + »,  Diospyrine, 
»,  Styracacese. ) 
»  Aquifoliacese. (Hleuthero- 
(Llicinege). petale, Eucyclicw »,  Franguline, part of). 
»,  Oleacese: i ,, Anisocarpece ly- 
.»  dJasminacese. pogyne. »,  Diandre, 
»,  Loganiacee. 
v jars nabel Yi i Live Contos 
iF pocynacess, 
5,  Asclepiadaceee. 
»,  Polemoniaces. , 
»,  Convolvulacese, { * qu __ \pubifiorss: 
»»  Solanacez. j 
»  Boraginacese. 
»  Plantaginacez. > 
»  Labiatee. 
»,  Werbenacese. 
»,  Acanthaceze. 
», ‘Bignoniacees, | 
»,  Gesneracese, ae ys 3 »,  Labiatifloras, 
»,  Orobanchaceee. 
»,  scrophulariaceze 
,,  Lentibulariacese 
»,  Globulariacess | 
_ (Selaginaceze). | 
Division III, AperaL#, Perianth sepa- 
loid. Sub-class ELEUTHEROPETALA, 


Series 1. Hypogyne. Ovary superior. 
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Order. Polygonacese. Series Centrosperme. Order. Polygonine. 


»,  Nyctaginaces. 
,»  Amarantacese. ‘A »,  Caryophylline (part 
»»  Chenopodiaceee. of). 
»,  Phytolaccacese. 
? Lauracess. \ », Aphanocyclice. ,, Polycarpicee. 
»,  Myristicacese. 
»  Thymelaceee. 
5,  Eleagnaceee. 5, Calyciflore. »  Thymeeleeine. 
»  Proteacese. 
»,  Euphorbiacez. 5, L'ricoccee, »  Lricoccse. 
Sub-class, JULIFLORA. 
»  Urticacee. 
»»  Artocarpacess. By ¥ Order, Urticines. 
»,  Ulmacee. 
»  Platanaceee. 
»  Piperaces. 5,  Piperine. 
- Betulacese. 
¥ Myricaces. ,,  Amentacese. 
. Salicacese, 
5,  Casuarinacer, 
Series 2. Hpigyne v. Perigyne. Ovary 
inferior, 
Order. Juglandaces, \ 
»»  Cupuliferae, 6 4 
Sub-class. MoNOCHLAMYDE&, 
»,  Balanophoracee. Order. Balanophoree, 
»  Cytinaceee. } »,  Rhizanthee. 
» Rafflesiaces. 
»  Aristolochiaces. 5,  Serpentariez. 
> Santalacege. ,,  Santalinge. 
a Loranthaces. 
MONOCOTYLEDONS. 
Division I. PrraLome. Perianth 


usually present and petaloid. 


Series 1. Epigyne. Flower-tube adherent 


to ovary. 
Order. Orchidacee. 


Taccacee. ) 
Dioscoreacese. * | 
Amaryllidacez. { i 
Tridaceze. | 
Bromeliacee. J 


Sub-class COROLLIFLORA. 


Order. Gynandree. 


> be) 
ferior ovary). 


Liliiflores (with in- 


‘ 
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; 
Order. Musaceze. 


»  Zingiberacese. Sub-class. CoROLLIFLOR&. 

Me Marantacese Order. Scitaminee. 
(Cannacee). | 

~ Hydrocharidacez. ,, HELOBLA. »,  Hydrocharideee. 


Series 2. Ooronariee. Flower-tube free 
from ovary. 
A. Synearpee. Carpels united : seed usually contains endosperm. 
Order. Smilacea. Sub-class COROLLIFLORA. 
» _ Liliacew. Order. Liliifloree (with supe- 
»  Pontederacee. rior ovary, part of). 


»  Ayridaceee. », MICRANTHA. ,, Enantioblastee (part 

», | Commelynacese. of). 

B. Apocarpe. Carpels usually distinct : seed usually without endosperm. 
Order, Alismacez. | Sub-class HELOBLA. 

»  duncaginacess. Order. Polycarpicee. 

»,  Naiadaceee (incl. 

BE crincc) z é EBA eS 
Division II, Spapicrrtorm. Inflorescence a spadix, with or without a 
spathe. 

Order, Palmacez. A} 


5 Pandanacee. 
(incl. Cyclanthee.) 

»  Aroidaceee. 

»  Lyphaces. 4 


\ Sub-class MICRANTHA. 
Order. Spadicifloree. 


»  Lemnacee. 3 HeLosim. ,, Fluviales (part of). 
Division III. Guumirtor#, Perianth glumaceous. 
Order. Juncaces. Sub-class COROLLIFLORA. 


Order. Liliifloree (with supe- 
rior ovary, part of). 
»  Desvauxiacese 
(Centrolepides). Sub-class MicRANTHE. 


»  Eriocaulaces. Order. Enantioblastee (part 
»  Restiaceas. of). 


»  Cyperaceee, \ 


ae at + »,  Glumacee. 
E raminaces, 
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PART I.—THE MORPHOLOGY, ANATOMY, AND PHYSIOLOGY 


OF PLANTS. 
PAGE PAGE 
Absorption by roots, . 46) fi). Apex (5 : 1 
‘ of Carbon, . 70 Apical cell, 64 
Achene, . ‘ 197 | Apocarpous gyncecium, 180 
-Acids, . ‘ : - 73 | Apophysis, 172 
Acorn, A ; 237 | Apostrophe, 96 
Acropetal development, ; 2 | Apothecium, - 125 
Actinomorphic flowers, 189 | Apposition, 27 
Acyclic flowers, 184 | Archegonium, 137, 148, 168 
Adhesion, 4 178 Arillus, . ; 165, 170 
Adventitious Members, 2,16 | Arista, : . 213 
AXcidium, 129 Arrangement of leaves, a4 sia 
Aicidiospores, 131 Ascidium, dvds 
Aérial roots, . . 23 Ascogonium, : . 121 
fEstivation, . 13 Ascospore, 115, 121 
Air-chambers, 4183 Ascus, shoe 
ee, ; : ‘ . 265, 279 Asexual reproduction, 97 
Albuminous substances, . AOE Ash of Plants, 69 
Alburnum, 54 Asparagin, ytd 
Aleurone-grains, : 31 Asymmetrical flowers, ., 189 
Alkaloids, . . 73 | Atropous ovules, . 163 
Alternate arrangement, Lich e' 4 Autumn-wood, erie 
Alternation of generations, - 97 | Auxospores, . 108 
Aluminium, 69 Awn, 213 
Amentum, » 202 Axil, wis thas 
Ammonia, 74 | Axile placentation, . 183 
Ameboid movement, 30 | Axillary buds, 3, 15 
Amphigastria, 141 FS AT ae Sar | 
Amplexicaul, . 11 Bacca, . 198 
Anatomy of plants, 24 | Balsam, . 59 
Anatropous ovules, 163 Barium, . 69 
Andreecium, 176 Bark, 63 
Angle of divergence, 4 Base, 1 
Annual plants, 166 | Basidium, . 114, 130, 133 
Annual rings, 52 Bast (phloem), . 45 
Annual shoots, 16 Bastard, . 193 
Annular bark, 64 Bast- fibres, 2 71 Ae 
Annular vessels, 45 | Berry, . 198 
Annulus, 153, 158 Biennial plants, . 166 
Anterior, . 188 Bifurcation, 19 
Anthela, 202, 217 Bilateral Structure, 88 
Anther, . P ; we by Blade, . 9 
Antheridium, . 109, 137, 147 Bleeding of plants, . ; 81 
Antherozoid, 97, 105, 148 Bloom on plants, 6O 
Anthocyanin, , : . 35 | Bordered pits, 40 
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Bostrychoid cyme, . 


Bostrychoid Dichotomy, 


Bostryx, . 

Bough, 

Bract, 

Bracteole, ; 
Branech-Systems, 
Bromine, 

ia, * Ys 
Bud-scales, 

Bulb, 

Bulbil, : 

Bundle- sheath, 
Calcium, 

Calcium carbonate, 
Calcium oxalate, 
Callus, 

Calyptra, 

Calyx, ; . 
Cambiform-tissue, . 
Cambium, 
Cambium-ring, 


Campylotropous ovules, . 


Canal-cells, 
Caoutchouc, 
Capillitium, 
Capitulum, 
Capsule, 
Carbon, . 


Carbonic acid, absorption a | 


Carina, 
Carnivorous plants, 
Carpel, 
Carpogonium, 
Carpophore, 
Caruncle, 
Caryopsis, 
1 a ponnthe leaves, 
Catkin, 
Caulicle, 
Cauline ‘bundles, 
Caulome, 
Cell, the, 
Cell-division, . 
Cell-formation, 
Cell-fusions, . 
Cell, nucleus of the 
Gell-sap, 
Cell-wall, 
Cells, common wall of, 
» filaments of, . 
» forms of, 
», surfaces of, 
», lasses of, 
Cellulose, ; ; 


, evolution of, 
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PAGE PAGE 
21, 202 Centrifugal force, . ‘ . 87 
- ee Chambered ovary, . . . 181 
202 | Chemical processes in plants, . 68 
16 Chemical action of light, ee) 
spin € Chlorine, i : »  OIS7o 
175, 188 Chlorophyll, ; . . «19 
19 : affected by cold,. 94 
75 formation of, . 99 
3, 15 Chlorophyll- -corpuscles, . Ue: 4 
> BO 95 move- 
. 19 ment of, . 4 - . 96 
. 16 | Chlorotic plants . : ~ (f& 
. 55 | Cicatrix, : : : A 
69, 74 Cicinal cyme, . ; 3 suet 
. 34 | Cicinal Dichotomy, ; 20 
04, 74 Cincinnus, . ; , 202 
6B Orlin, 5% ‘ j 105, 137 
. 138 | Circulation of protoplasm, . 30 
e176 Claw, . ‘ . 176 
. 46 Cleistogamous ‘flow eras’ . 258 
45, 49 Climbing plants, 18, 88 
. 49 Closed bundles . 5 . 45 
. 164 Cobalt, . : ‘ : .) 869 
137, 148 Cocecus, . t ‘ é . 195 
. 233 Cohesion, 175, 178, 180. 
. 120 Collateral arrangement of 
. 200 bundles, . ‘ ‘ . 48 
. 197 Collenchyma, . a: Mra « ¢ 65 
69, 70 Colleters, ‘ ; : a 
Colouring matters, . , aU £5 
77 Columella, . ; ; . 139 
279 Common bundles, . : 2 43 
- 74 | Complementary tissue, . . 56 
. 162 | Compound inflorescences, 200, 202 
106,112 | Compound leaves, . ; a Y: 
. 261 Concentric arrangement of 
243 bundles, . : ‘ . 48 
197 | Conceptacle . : d . 109 
14 | Conduplicate vernation, . Saree te 
202 Cone, . ; : ; . 170 
226 Conidium, . of DTI 
45 Conjugation, 38, 97, 105, 116 
1 Connate, ‘ 10 
24 Connective, . : : t Lath, 
35 Copper, . ‘ : : 69 
35 Cork, . . : ‘ +'§2 
BOS SAME, 3 way ‘ . . 218 
30 Corolla, . : P ; . 175 
35 Corona, . : ‘ ; . 176 
27 Corpusculum, . ; . 167, 168 
39 Cortex, : : . 44, 54 
38 Cotyledon, . ; : . 164 
Peay Cross fertilisation, . ‘ . 189 
. 39 | Crystalloids, . i ' . 30 
39 | Crystals, . ‘ ‘ : . 34 
27, 1, 72 | Cuneiform leaves, . ‘ AL 
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Cupule, . ‘ : - 195,287 | Endocarp, . 196 
Cuticle, . . 60 | Endodermis, So 
Cuticularisation of cell-w rall, . 29 | Endogenous members, Ae 
Cyathium,,. : : . 242 | Endogonidia, . 114,117 
Cycle, . : : : Bane Endosperm, . 168, 194 
Cyclic flowers, . . 185 | Endospore, . 139 
Cyme, +: tre 200°) Epicalyx, os Ue 
Cymose branching, . ‘ . 20 | Epicarp,. ‘ ; 196 
» inflorescences, . 201 | Epicotyledonary portion of stem, 165 
Cypsela, . ° 197 | Epidermis, : 59 
Cystocarp, . 7 é . 112 | Epigynous flower, d » 182 
Cystolith, d d ‘ . 34 | Epipetalous stamens, : 178 
Decussate arrangement of Epistrophe, : 96 
leaves, . ‘ : aus Erect ovule, . , 184 
Deferred shoots, . : . 16 | Erythrophyll,. 35 
Degradation products, 4 . 73 | Ethereal oils, . 73 
Dehiscence of anthers 179 | KEtiolated plants, 86 
Dehiscent fruits, : 197 Eucyclic flowers, 185 
Development of cells, . . 385 | Exogenous members, 2 
Diadelphous stamens, 178 | Exospore, : 139 
Diagonal plane, 188 | External sheath, 55 
Diagram, floral, : jon) Jaxtine,. 163 
Dichasium, . i . 21,202 | Extrorse, : 179 
Dichogamy, , ; . 190 | False dichotomy, Ze 
Dichotomy, . ‘ ; . 19 | Fascicle,. 202 
Diclinous flowers, i 166 | Fascicled leaves, 16 
Didynamous stamens, . 178 | Fascicular cambium, 50 
Differentiation of tissues, eras Fats, fal 
Dimorphism, . : 191 | Fermentation, pty: 
Dicecious plants, 166 | Fertilisation, 97, 193 
wiee,. ... ; 2 184 | Fibrovascular bundles, . 43 
Dissected leaves, , ‘ i ted ‘ system, 43 
Distichous arrangement, . Se), Filament, ; 177 
Displacement, . . 186 | Floral diagram, 185 
Diurnal and’ nocturnal posi- » formula, 187 
fions,. . aporist's unl Flower, . d 162 
Divergence . A ta Said » opening and closing of, 89 
Dormant buds, ‘ * wihG » symmetry of 184 
Double flowers, : Bes hg. Flowers of Tan, 120 
Drupe, . : . 198 | Fluorine, wi 70 
Dry solid of plants, , . 69 | Foliage-leaves, 14 
Duramen, , F 0 64 Follicle, 197 
Dwarf-males, ; : eb | Food of plants, 68 
Dwarf-shoots, ; ; . . 16 | Form ef tissue, 41 
Ectoplasm, . , , sue », of leaves, ans 
Elaters, . : ; . 139, 158 » of stems, an lZ 
Electricity, , 96 | Fovea, LEGIT 
Elementary constituents of the Free cell- formation, «)' 38 
food of Plants, : . 68 | Freezing, effects of, . . 94 
Eleutheropetalous corolla, 175 | Fruit, . 194 
Eleutherosepalous calyx, 175 | Fundamental tissue, 42, 54 
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Orthostichy, . : wr Podium, . ‘ 19 
Orthotropous ovule, . 163 Point of insertion . : 3 
Ovary, ‘ : ~ 163/179 Pollen, development of, . 37 
Ovule, . 162 Pollen-grain, . : . 162 
Oxygen, SGT 7 Pollen-sac, ~ 162, 179 
Palex, . 200, 212, 300 Pollen-tube, 163, 179 
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